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TO: 

Mr. Maury Estes, JOVE Program Manager 

FROM: 

Don Wold 

DATE: 

April 25, 1996 

RE: 

JOVE Final Report 


Here is my JOVE Final Report including separate lists for Publications, 
Extramural Funding, and Awards. Also, I have enclosed an abstract of work 
which I am doing with two students who are funded by the Arkansas Space 
Grant Consortium. Would you please note that my JOVE fundine bezan in 
1992 and ended in 1995. & S 

Thank you for the opportunity to share in the JOVE program and I wish you 
continued success with it. 





Dr. S. A. Covington, Director, Office of Research and Sponsored Programs 


UNIVERSITY OF ARKANSAS at LITTLE ROCK* 2801 S. University Avenue ♦ Little Rock, AR 72204 

Phone (501) 569-3275 ♦ Fax (501) 569-3314 
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MEMORANDUM 


TO: JCVE Faculty Researcn Associates 

FRCM: JCVE Program Cffice 

SUBJECT: 1596 JCVE Abstract Eock 


CATE. 


Marco 13,1596 


The JCVE P'cgram Cffice wiil be putting together an Abstract bock for the 1996 
Retreat in Hampton, Virginia, and we want to include an Abstract for each 
JCVE Faculty Research Associate. Please send an Abstract even if you aren t 
planning to have a poster presentation at the Retreat. 

Listed below are guidelines for your Abstract: 

• Title of the Abstract should be in cacital letters. 

• Provide first name, middle initial, and last name of the author and co-authors. 

• Underline your name and provide your institutional affiliation 

• List your mentor and NASA facility location at the bottom of your Abstract 

• Type abstract in 10 font and fit within a space 5. 5” x 4.0’ and sent to us by 
May 1, 1956. 

You may FTP your Abstract to jove@soace.hsv.usra.edu using the password 
frank or send on a diskette to: 

USRA / JOVE 

4950 Corporate Qnve, Suite 100 
Huntsviile, AL 35306 

We look forward to hearing from you. 
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Memorandum 


DATE: March 18. 1996 

TO: JOVE Program Coordinator and Pi’s 

FROM: Maury Estes, JOVE Program Manager 

RE: JOVE Final Report 

CC: Frank Six. JOVE Program 

Director/NASA 

Enclosed is the report form for your use in submitting your JOVE final report. This report 
should include a summary' of your JOVE research including, accomplishments in vour 
third year of participation, data on the program’s overall impact on your campus, and 
information on the future direction of your JOVE research. Also, we have enclosed a 
synopsis of your JOVE accomplishments to date which we ask that you check to make sure 
that our records accurately reflect your institution's JOVE achievements. 

On behalf of the JOVE program office, your participation and accomplishments are very 
much appreciated. We look forward to staying in touch with you as a JOVE alumnus. If 
you have any questions regarding this report or other matters, please contact me or Chervl 
Hewett at 205-895-0582. 


Astrophysics Experiments with the Compton GRO and MILAGRO 
Wold. Donald C. (University of Arkansas at Little Rock) 

MILAGRO is a water-Cherenkov detector for observing cosmic gamma rays over a broad energy 
range of 1 00 GeV to 1 00 TeV. MILAGRO will be the first detector that has sensitivity overlapping 
both air-Cherenkov and air-shower detectors. With this detector scientists in the collaboration 
will study previously observed celestial sources at their known emission energies, extend these 
observations into a new energy regime, and search for new sources at unexplored energies. The 
diffuse gamma-radiation component in our galaxy, which originates from interactions of cosmic 
rays with interstellar gas and photons, provides important information about the density, 
distribution, and spectrum of the cosmic rays that pervade the interstellar medium. Events in 
the Compton Gamma Ray Observatory (CRO) are being observed up to about 30 GeV, differing 
by slightly more than order of magnitude from the low energy threshold of MILAGRO. By 
looking in coincidence at sources, correlated observations will greatly extend the astrophysics 
potential of MILAGRO and NASA's CRO. A survey of cosmic-ray observatories is being prepared 
for scientists and others to provide a resource and reference which describes high energy 
cosmic-ray research activities around the world. This summary presents information about each 
research group, such as names of principal investigators, number of persons in the 
collaboration, energy range, sensitivity, angular resolution, and surface area of detector. 
Similarly, a survey of gamma-ray telescopes is being prepared to provide a resource and 
reference which describes gamma-ray telescopes for investigating galactic diffuse gamma-ray 
flux currently observed in the GeV energy range, but is expected to extend into the TeV range. 
Two undergraduate students are compiling information about gamma-ray telescopes and high 
energy cosmic-ray observatories for these surveys. 

Funding for this project was provided by the Arkansas Space Grant Consortium. 


JOVE PUBLICATIONS 


UNIVERSITY NAME TITLE OF PUBLICATION 


University of 
Arkansas at Little 
Rock 

Donald C. Wold 

University of 
Arkansas at Little 
Rock 

Donald C. Wold 

University of 
Arkansas at Little 
Rock 

Donald C. Wold 

University of 
Arkansas at Little 
Rock 

Donald C. Wold 

University of 
Arkansas at Little 
Rock 

Donald C. Wold 

University of 
Arkansas at Little 
Rock 

Donald C. Wold 

University of 
Arkansas at Little 
Rock 

Donald C. Wold 


Yang, Zibin, Russell Gillum, Donald C. 
Wold. (1994). Monte Carlo simulation of 
the scintillating optical fiber calorimeter 
(SOFCAL). 

Wold, D C.. Evans, C.R., Dancer, J.E., & 
Montague, J.C., (1994). SPINE test scores 
and measures of tongue deviancy in 
speakers with severe-to-profound hearing 
loss. 

Harris, J.W. and STAR Collaboration (1 994). 
The STAR experiment at the Relativistic 
Heavy Ion Collider. 

Wold, Donald C., Yang, Zibin B., & Gillum, 
Russell (1994). Monte Carlo simulation of 
a scintillating optical fiber calorimeter. 


Murai, Kazuhiko, Carlos A. Sanchez, and 
Donald C. Wold. (1995). Using GEANT to 
model calorimeter response for 
electromagnetic cascades from nucleus- 
nucleus interactions in a cosmic ray 
detector. 

Sanchez, Carlos A., Kazuhiko Murai, & 
Donald C. Wold. (1995). Using FRITIOF to 
model nucleus-nucleus interactions in a 
cosmic ray detector. 

Wold, Donald C. (1995). High energy 
physics and environmental health: a note 
by a metropolitan university physicist. 


JOURNAL 


Proceedings of the Arkansas Academy 
of Science, 48: 223-229. 


American Annals of the Deaf 139, 352- 

357 . 


Nuclear Physics, A566. 277c-286c. 


Proceedings of the First International 
Symposium on Cosmic Ray Physics in 
Tibet (I SCR P-l), pp. 320-323. Tibet 
University, August 12-17, 1 994, Lhasa, 
China. 

Proceedings of the Arkansas Academy 
of Science, 49: 121-126. 


Proceedings of the Arkansas Academy 
of Science, 49, 160-165. 


Metropolitan Universities: An 
International Forum: Fall 1 995, 6: 75- 
78. 


EXTRAMURAL FUNDING 


UNIVERSITY 

NAME 

GRANTING 

AGENCY 

PROPOSAL TITLE 

University of 
Arkansas at Little 
Rock 

Donald C. Wold 

Arkansas Space 
Grant Consortium 

“Cosmic Ray Studies at NASA Marshall Space 
Flight Center” Outreach Grant from February 
1 , 1 993 to June 30, 1 993 for students to visit 
Gamma and Cosmic Ray Branch at MSFC. 

University of 
Arkansas at Little 
Rock 

Donald C. Wold 

Arkansas 
Department of 
Pollution Control 
and Ecology 

Monitoring stage at Chamberlain Creek barite 
pit and measuring precipitation at Magnet 
Cove High School, 1 993-94: SI ,500. 

University of 
Arkansas at Little 
Rock 

Donald C. Wold 

United States 
Geological Survey 

Monitoring stage at Chamberlain Creek barite 
pit and measuring precipitation at Magnet 
Cove High School, 1 993-94: S 1 .200. 

University of 
Arkansas at Little 
Rock 

Donald C. Wold 

Arkansas 
Department of 
Pollution Control 
and Ecology 

Monitoring stage at Chamberlain Creek barite 
pit and measuring precipitation at Magnet 
Cove High School, 1994-95: 51,560 

University of 
Arkansas at Little 
Rock 

Donald C. Wold 

United States 
Geological Survey 

Monitoring stage at Chamberlain Creek barite 
pit and measuring precipitation at Magnet 
Cove High School, 1994-95: 51,260. 

University of 
Arkansas at Little 
Rock 

Donald C. Wold 

Arkansas Space 
Grant Consortium 

Lectures on Results from BATSE in the 
Gamma Ray Observatory, Dr. Geoffrey N. 
Pendleton, University of Alabama, Huntsville 
and NASA Marshall Space Flight Center, Feb. 
8 and 9, 1 994. 

University of 
Arkansas at Little 
Rock 

Donald C. Wold 

Arkansas Space 
Grant Consortium 

Lectures on Results from EGRET in the 
Gamma Ray Observatory, Dr. Robert C. 
Hartman, astrophysicist, NASA Goddard 
Space Flight Center, March 29 and 30, 1994. 

University of 
Arkansas at Little 
Rock 

Donald C. Wold 

Arkansas Space 
Grant Consortium 

Lectures on Extending Gamma Ray 
Observations Beyond the GRO, Professor 
Jordan Goodman, University of Maryland - 
College Park, March 8 and 9, 1 994. 

University of 
Arkansas at Little 
Rock 

Donald C. Wold 

Arkansas Space 
Grant Consortium 

Lectures on Cosmic Ray Physics and Particle 
Astrophysics, Professor R. Jeffrey Wilkes, 
University of Washington - Seattle, March 16 
and 1 7. 1 994. 

University of 
Arkansas at Little 
Rock 

Donald C. Wold 

Arkansas Space 
Grant Consortium 

Lectures on Composition of High Energy 
Cosmic Rays: , Professor Michael L. Cherry, 
Louisiana State University - Baton Rouge, 
April 1 4 and 1 5, 1 994. 

University of 
Arkansas at Little 
Rock 

Donald C. Wold 

Arkansas Space 
Grant Consortium 

Lectures on astrophysics with high energy 
neutrinos: the AMANDA detector. Francis 
Halzen, Hilldale Professor of Physics, 
University of Wisconsin - Madison, March 7 
and 8, 1995. 
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EXTRAMURAL FUNDING 


UNIVERSITY NAME GRANTING PROPOSAL TITLE 

AGENCY 


University of 
Arkansas at Little 
Rock 

Donald C. Wold 

Arkansas Space 
Grant Consortium 

“Survey of Cosmic-Ray Observatories” 
Scholarship for Undergraduate Student: 
Trevis A. Crane. Grant period: from 
September 1 995 to September 1 996. 

University of 
Arkansas at Little 
Rock 

Donald C. Wold 

Arkansas Space 
Grant Consortium 

“Survey of Gamma-Ray Observatories and 
Telescopes” Scholarship for Undergraduate 
Student: Michael C. LaCour. Grant period: 
from September 1995 to September 1996. 

University of 
Arkansas at Little 
Rock 

Donald C. Wold 

Arkansas Space 
Grant Consortium 

“Astrophysics Experiments with the Compton 
Gamma-Ray Observatory and MILAGRO" 
Research Infrastructure Grant from 
September 1 995 to September 1 996. 

University of 
Arkansas at Little 
Rock 

Donald C. Wold 

Arkansas Space 
Grant Consortium 

“Searching for the Origin of Extremely High 
Energy Cosmic Rays” and “The Fly's Eye 
Experiment”. Professor David B. Kieda, 
University of Utah - Salt Lake City, January 22 
and 23, 1996. 

University of 
Arkansas at Little 
Rock 

Donald C. Wold 

Arkansas Space 
Grant Consortium 

“Cosmic Rays and their Origin”, “MILAGRO - A 
New Gamma-Ray Telescope", and “Working 
with Fermi as a Graduate Student at the 
University of Chicago”, Professor Gaurang B. 
Yodh, University of California - Irvine, 

February 1 8, 1 9 and 20, 1 996. 

University of 
Arkansas at Little 
Rock 

Donald C. Wold 

Arkansas Space 
Grant Consortium 

“Prospects for Long-Baseline Neutrino 
Oscillation Experiments” Dr. Maury Goodman, 
Argonne National Laboratory, March 4 and 5, 
1996. 
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AWARDS 


UNIVERSITY 


University of 
Arkansas at Little 
Rock 


NAME AGENCY TITLE 


Donald C. Wold University of Faculty Excellence Award in Public Service 

Arkansas at Little 5 May 1995 in Little Rock 
Rock College of 
Science and 
Engineering 
Technology 



University of Arkansas at Little Rock 

College of Science and Engineering Technology 

Faculty Excellence Award 

The University Faculty Excellence Award in Public Service 
is hereby conferred on 


‘DonaCcC C. WoCcC 

this fifth day of May 1995 in Little Rock 


Ha 


/J.WJ ^ifegina, Interim 





Faculty Excellence Awards Dinner 


May 5, 1995 
7:00 p.m. 


Presiding 

Joel E. Anderson 
Vice Chancellor and Provost 

Presentation of 

College and School Faculty Excellence Awards 

Charles E. Hathaway 
Chancellor 

Announcement and Presentation of 

University Faculty Excellence Awards 

Teaching 

Dr. and Mrs. H. A. Ted Bailey Jr. 

David Henry 

Chief Financial Officer of Bailey Corporation 
Research 

The Society of Philanthropy for UALR 
Frank L. Whitbeck 
Foundation Fund Board 

Public Service 

Arkansas Power and Light Company 



College of Professional Studies 

TEACHING; Dt Linda Pledger, associate professor of speech communication, understands the 
unique needs of the metropolitan university student because she was one. She returned to school in 
her early 30s after raising children and managing her husband's medical practice. That first-hand 
knowledge has prompted her to use innovative teaching methods including helping to develop an 
interactive video/ computer lab and teaching courses through newspaper and television. Students 
say her teaching, both in the classroom and out, has had a positive impact on their careers and lives. 
RESEARCH: Dr. Susan Mercer, professor of social work, has concentrated her research efforts in the 
area of social work and aging. Her research on dressing behavior in the elderly has given hope to 
victims of Alzheimer's and other elderly persons who are institutionalized. Mercer recently lived on 
a Navajo reservation for more than six weeks while conducting research on aging in the Navajo 
Nation. Her work has been used to request funding for special aging projects on the reservation. 
PUBLIC SERVICE: Dr. Patricia G. Conway, associate professor of social work, has a strong 
commitment to improving services for persons with HIV/ AIDS. Conway serves as president of AIDS 
Outreach of Arkansas, an organization that provides rental assistance to people with HIV/ AIDS who 
are low income or homeless. She helped establish Unity Coalition, a consortium of service providers 
in Arkansas, and volunteers with the Regional AIDS Interfaith Network, providing counseling for 
persons with HTV / AIDS and their support network. 


College of Science and Engineering Technology 

TEACHING; Dr. Thomas J. Lynch, professor of biology, is a productive research scholar who shares 
his knowledge of ceil and molecular biology and microbiology as a first-rate classroom teacher. He 
also team -teaches a course he developed on AIDS, which students consistently rate as excellent and 
important His students have four times won the Arkansas Academy of Science award for outstand- 
ing undergraduate research. He brings to the classroom 16 years of teaching and research experience 
at UALR, plus experience as a research associate at St Jude's Children's Research Hospital in 
Memphis. 

RESEARCH: Dt Jerome "Jerry* Dancy, associate professor of chemistry, is described by his 
department chair as 'the premier scientific scholar at this University." He has obtained more than 
51*2 million in external funding for research since joining UALR less than five years ago. His 
publication record includes 40 articles published in or submitted for refereed journals and three 
chapters in scientific books. He has done more than 60 research presentations at scientific meetings 
and seminars. 

PUBLIC SERVICE: Dc Donald G Wold, professor of physics, has worked diligently in an effort to 
convince the U-S. Department of Energy to fund a resource recovery project in Hot Spring County. He 
has involved community leaders from Magnet Cove and Malvern, a congressman, several state 
officials and students from three local high schools in the effort. The original interest in the site was 
for development of an international scientific consortium's proposal to develop a gamma ray and 
neutrino detector in the huge pit As Wold became more involved with the site, he developed the 
separate proposal for resource recovery. 


PUBLIC SERVICE 


Dr. John C. Pickett 

Protest ir 
Economics 

College ui ftuMnos Administration 

Dr. Pickett has focused his public service efforts on 
shaping Arkansas I,nv and public policv. 
His work is published in nunv outlets ranging 
from newspaper columns to prestigious 
joumais and monographs. 



Dr. Robert K. Rittenhouse 

Processor 
Teacher Education 
College of Education 

Dr. Rittenhouse helped make the Arkansas School 
tor the Deaf an "electronic'' school bv helping the 
school acquire classroom computers and training. 
He has worked with dear educators and parents 
of deaf children in Santa Cruz. Bolivia. 



Dr. Don C. Wold 

Professor 
Physics and Astronomy 
College of Science and Engineering Sciences 


Dr. Wold has worked diligently in an effort to 
convince the U.S. Department of Energy to fund a 
resource recovery project in Hot Spring County. 
The project would be a test site for developing 
technology to clean-up manv other 
contaminated water sources. 





JOVE Final Report: Academic Year 1995-96 


Dr. Donald C. Wold University of Arkansas at Little Rock April 30. 1 996 

Name Institution Date 

I. Research 

Brief description of research results to date on vour project: 

This research report covers the same period of time as my JOVE funding which 
began in 1992 and ended in 1995. The research project proposed in 1992 for the 
JOVE program was described in the report entitled: “Final Report for Summer 1992." 

A copy of this document may be found in Appendix A. 

A scintillating optical fiber calorimeter (SOFCAL) was developed by 
NASA/Marshall Space Flight Center for use in balloon-borne experiments to study the 
spectrum of high-energy cosmic rays and gamma rays. SOFCAL will not saturate for 
long exposures like nuclear emulsions do when exposed to charged particles. 
Consequently, this section of the calorimeter can remain aloft for long periods of 
time. SOFCAL will be useful in emulsion chambers to study primary cosmic-ray nuclei 
with energies from 100 GeV to 1,000 TeV. We used the event generator FRJTIOF to 
model the collision of a cosmic-ray projectile with a target nucleus in an emulsion 
chamber. The measurements of charged particles from the interaction in the 
emulsions are related to the energy of the primary cosmic ray nucleus and those 
particles produced in the collision. For gamma-rays from the nucleus-nucleus 
interaction, computer simulations of electromagnetic cascades allow computation of 
the energy ZE y deposited in different regions of the calorimeter. We used the Monte 
Carlo program GEANT to model SOFCAL response to incident gamma rays and to 
compute the measure of energy deposition IE y in different layers of the calorimeter 
within the emulsion chamber. The partial coefficient of inelasticity k y , defined by 
IE y = k y £ o , was computed for different energies £ of primary cosmic rays. The Re- 
distributions were computed and compared with existing calorimeter data. 

For primary nuclei with energies much greater than 10' 4 eV, nucleus-nucleus 
interactions are likely to exhibit characteristics of a quark-gluon plasma (QGP). We 
used particle event generators to model the collision of a cosmic-ray nucleus with a 
target nucleus in an emulsion chamber. We chose FRITIOF with the enhancement of 
LUCIAE II to simulate the effects of a QGP and to model collisions of primary cosmic 
rays in an emulsion chamber with SOFCAL. Also, pseudo-rapidity distributions were 
computed for protons on lead at 200 GeV/c and compared with experimental data. 
Pseudo-rapidity distributions were computed for protons or iron incident on a carbon 
or silver nucleus. For gamma-rays from nucleus-nucleus interactions, the total energy 
of the electromagnetic component ££ was computed. The accumulative Re- 
distributions were computed and compared with existing data. 

The Monte Carlo simulations described here were meant to complement and 
confirm those done at NASA using different computer programs. Our results agreed 
nicely with those which had been done by the Gamma Ray and Cosmic Ray Branch at 
Marshall Space Flight Center. 
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Dr. Donald C. Wold University of Arkansas at Little Rock April 30. 1 996 

Name Institution Date 

Where do you see your JOVE research going after the initial JOVE funding 
expires? 

Even though my JOVE funding expired a year ago in 1995, 1 have two 
undergraduate students who will be going to Fermi National Laboratory this summer. 
They will work under Dr. Paul Mantsch, group leader for the proposed Pierre Auger 
Cosmic Ray Observatory. The construction of two large detectors in the northern and 
southern hemisphere will be required for this international project. Consequently, 
scientists in many countries are collaborating on this project. The Fly's Eye 
Experiment in Utah has detected a cosmic ray with an energy greater that 10*' eV. The 
origin of such high energy particles is still a mystery and Auger will detect the highest 
energy cosmic rays. 

I am compiling information about gamma-ray telescopes and cosmic-ray 
observatories all over the world. It will be useful to have a central source which 
provides information about the status of each experiment, characteristics of the 
detectors, data obtained, the degree to which they overlap, and names of principal 
investigators or contact persons. Two undergraduate students have been funded 
through the Arkansas Space Grant Consortium to work on this project with me. 

Communication with NASA Colleague 

My NASA mentor was Dr. Tom Parnell, Marshall Space Flight Center (MSFC). 

MSFC is an active participant in the JACEE experiments. If the University of Arkansas 
at Little Rock (UALR) were to join the Japanese American Co-operative Emulsion 
Experiment (JACEE), then our students could conduct simulations and data analysis 
for JACEE. Dr. Geoffrey Pendleton visited UALR as part of our lecture series, which 
included presentations on the BATSE and EGRET experiments. I hope other 
researchers from MSFC will have an opportunity to present updates at UALR on the 
JACEE experiments and the BATSE experiments. We would be happy to have Dr. 
Parnell share his experience with NASA cosmic-ray detectors and the spectacular 
results from the BATSE collaboration. 

My current interests are in gamma-ray astronomy at higher energies than those 
measured by the Compton Gamma-Ray Observatory. It is likely that we could 
collaborate with the MILAGRO group which is constructing a ground-based gamma-ray 
observatory in the mountains near Los Alamos National Laboratory. Two advanced 
undergraduate students from UALR have been invited to work at Fermi National 
Laboratory this summer. They are capable of conducting simulations for the Pierre 
Auger Cosmic Ray Observatory, which is being designed at Fermilab. I hope that 
UALR will become a member of the Auger collaboration to participate in the proposed 
experiment. 
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Refereed lournal Articles Published: 

Yang, Zibin, Russell Gillum, Donald C. Wold. (1994). Monte Carlo simulation of the 
scintillating optical fiber calorimeter (SOFCAL). Proceedings of the Arkansas 
Academy of Science, 48: 223-229. 

Wold, D.C., C.R. Evans, J.E. Dancer, J.C. Montague. (1994). SPINE test scores and 

measures of tongue deviancy in speakers with severe-to-profound hearing loss. 
American Annals of the Deaf, 139, 352-357. 

Harris, J.W. and STAR Collaboration (1994). The STAR experiment at the Relativistic 
Heavy Ion Collider, Nuclear Physics, A566, 277c-286c. 

Wold, Donald C., Yang, Zibin B., & Gillum, Russell (1994). Monte Carlo 

simulation of a scintillating optical fiber calorimeter. Proceedings of the 
First International Symposium on Cosmic Ray Physics in Tibet (ISCRP-I), 
pp. 320-323. Tibet University, August 12-17, 1994, Lhasa, China. 

Murai, Kazuhiko, Carlos A. Sanchez, and Donald C. Wold. (1995). Using GEANT 
to model calorimeter response for electromagnetic cascades from 
nucleus-nucleus interactions in a cosmic ray detector, Proceedings of the 
Arkansas Academy of Science, 49: 121-126. 

Sanchez, Carlos A., Kazuhiko Murai, & Donald C. Wold. (1995). Using FRITIOF to 
model nucleus-nucleus interactions in a cosmic ray detector, Proceedings 
of the Arkansas Academy of Science, 49, 160-165. 

Wold, Donald C. (1995). High energy physics and environmental health: a note 
by a metropolitan university physicist. Metropolitan Universities: An 
International Forum: Fall 1995, 6: 75-78. 

Refereed lournal Articles Submitted: 

Oral and Poster Papers Presented: 

Wold, Donald C., Russell B. Gillum, and Zibin B. Yang, Monte Carlo simulations 
of cosmic rays for the detector SOFCAL. Poster presentation by Donald C. 
Wold at the JOVE Retreat, Galveston, Texas, July 10, 1993. 

Gillum, R., Z. Yang, and D. Wold. Monte Carlo Simulations of a NASA Scintillating 
Optical Fiber Calorimeter for 10- to 1,000-MeV Gamma Rays. Oral 
presentation by Russell Gillum at the 1994 Spring Meeting of the Texas 
Section of the American Physical Society, Richardson, TX, on March 11-12, 
1994. 

Yang, Z., R. Gillum, and D. Wold. Monte Carlo Simulations of a NASA Scintillating 
Optical Fiber Calorimeter for 0.5- to 1.5-TeV Gamma Rays. Oral presentation 
by Zibin Yang at the 1994 Spring Meeting of the Texas Section of the 
American Physical Society, Richardson, TX, on March 11-12, 1994. 
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Gillum, R., Z. Yang, and D. Wold. Monte Carlo Simulations of a NASA Scintillating 
Optical Fiber Calorimeter for 10- to 1,000-MeV Gamma Rays. Oral 
presentation by Russell Gillum at the Spring Meeting of the Arkansas 
Academy of Science, Jonesboro, Arkansas, April 8-9, 1994. 

Yang, Z., R. Gillum, and D. Wold. Monte Carlo Simulations of a NASA Scintillating 
Optical Fiber Calorimeter for 0.5- to 1.5-TeV Gamma Rays. Oral presentation 
by Zibin Yang at the 1994 Spring Meeting of the Arkansas Academy of 
Science, Jonesboro, .Arkansas, April 8-9, 1994. 

Wold, Donald C., Zibin B. Yang, and Russell B. Gillum. Monte Carlo simulation 
of a scintillating optical fiber calorimeter. Poster presentation by Donald 
C. Wold at the JOVE Retreat, July 6-9, 1994, Cocoa Beach, Florida. 

Wold, Donald C., Zibin B. Yang, and Russell B. Gillum. Monte Carlo simulation 
of a scintillating optical fiber calorimeter. Oral presentation by Donald C. 
Wold at the first International Symposium on Cosmic Ray Physics in 
Tibet, August 12-17, 1994, Lhasa, Tibet, China. 

Murai, Kazuhiko, Carlos A. Sanchez, and Donald C. Wold. Using GEANT to 

model calorimeter response for electromagnetic cascades from nucleus- 
nucleus interactions in a cosmic ray detector. Oral presentation by 
Kazuhiko Murai at the Arkansas Academy of Science, Pine Bluff, 

Arkansas, April 7-8, 1995. 

Sanchez, Carlos A., Kazuhiko Murai, and Donald C. Wold. Using FRITIOF to 

model nucleus-nucleus interactions in a cosmic ray detector. Oral paper 
presented by Carlos A. Sanchez at the Arkansas Academy of Science, Pine 
Bluff, .Arkansas, April 7-8, 1995. 

Sanchez, Carlos A., Kazuhiko Murai, and Donald C. Wold. Using FRITIOF to 

model nucleus-nucleus interactions in a cosmic ray detector. Oral paper 
presented by Carlos A. Sanchez at the 1995 National Conference on 
Undergraduate Research, Union College, Schenectady, NY, April 20-22, 
1995. 

Crane, Trevis A., and Donald C. Wold, Survey of high energy cosmic-ray 
observatories. Oral presentation by Trevis A. Crane at the Arkansas 
Academy of Science, 80th Annual Meeting, April 12-13, 1996. Westark 
Community College, Fort Smith, Arkansas. 

LaCour, Michael G., Trevis A. Crane, and Donald C. Wold. Survey of gamma-ray 
astronomy telescopes. Oral presentation by Donald C. Wold at the 
Arkansas Academy of Science, 80th Annual Meeting, April 12-13, 1996. 
Westark Community College, Fort Smith, Arkansas. 
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Crane, Trevis A., for Trevis A. Crane and Donald C. Wold, Survey of high energy 
cosmic-ray observatories. Oral presentation by Trevis A. Crane at the 
Fourth Annual Arkansas Space Grant Symposium, April 26, 1996. 
University of Central Arkansas, Conway, Arkansas. 

Wold, Donald C., Astrophysics experiments with the Compton GRO and 

MILAGRO, Fourth Annual Arkansas Space Grant Symposium, April 26, 
1996. University of Central Arkansas, Conway, Arkansas. 

Proposals Awarded: 

[The .Arkansas Space Grant Consortium (ASGC) provided funds for many of the 

following projects.] 

• Cosmic Ray Studies at NASA Marshall Space Flight Center. Outreach Grant from 
February 1, 1993 to June 30, 1993 for physics students to visit Gamma and Cosmic 
Ray Branch at MSFC. ASGC: S950. 

• Arkansas Department of Pollution Control and Ecology, December 1993. S 1,500 
plus matching funds from the U.S. Geological Survey. Monitoring stage at 
Chamberlain Creek barite pit and measuring precipitation at Magnet Cove High 
School. 

• Geological Survey. $1,200. Monitoring stage at Chamberlain Creek barite pit and 
measuring precipitation at Magnet Cove High School. 1993-94. 

• Arkansas Department of Pollution Control and Ecology, December 1994. $1,560 
plus matching funds from the U.S. Geological Survey. Monitoring stage at 
Chamberlain Creek barite pit and measuring precipitation at Magnet Cove High 
School. 

• Geological Survey. $1,260. Monitoring stage at Chamberlain Creek barite pit and 
measuring precipitation at Magnet Cove High School. 1994-95. 

• Lectures on Results from BATSE in the Gamma Ray Observatory. 

Dr. Geoffrey N. Pendleton from the University of Alabama - Huntsville and NASA 
Marshall Space Flight Center. Feb. 8 and 9, 1994. Discussions and presentations 
were held with students, faculty, and guest lecturer at the University of Arkansas at 
Little Rock and Arkansas State University. ASGC: $765. 

• Lectures on Results from EGRET in the Gamma Ray Observatory. 

Dr. Robert C. Hartman , astrophysicist from NASA/Goddard Space Flight Center 
March 29 and 30, 1994. Discussions and presentations were held with students, 
faculty, and guest lecturer at the University of Arkansas at Little Rock and with 
State Senator George Hopkins in Malvern. ASGC: $600. 
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• Lectures on Extending Gamma Ray Observations Beyond the GRO. 

Professor fordan Goodman from the University of Maryland - College Park. March 
8 and 9, 1994. Discussions and presentations were held with students, faculty, and 
guest lecturer at the University of .Arkansas at Little Rock and at University of 
Central Arkansas. ASGC: $1,325. 

• Lectures on Cosmic Ray Physics and Particle Astrophysics. 

Professor R. leffrev Wilkes from University of Washington - Seattle. Mar. 16 and 
17, 1994. Discussions and presentations were held with students, faculty, and 
guest lecturer at the University of .Arkansas at Little Rock and at Henderson State 
University. ASGC: $1,275. 

• Lectures on Composition of High Energy Cosmic Rays. 

Professor Michael L. Cherry from Louisiana State University - Baton Rouge. April 
14 and 15, 1994. Discussions and presentations were held with students, faculty, 
and guest lecturer at the University of .Arkansas at Little Rock and at Harding 
University. ASGC: $680. 

• Lectures on astrophysics with high energy neutrinos: the AMANDA detector. 

Francis Halzen. Hilldale Professor of Phvsics . University of Wisconsin - Madison. 
ASGC Guest Lecturer Grant: $1,200. Presentations were held at the University of 
Arkansas at Little Rock and the University of Arkansas at Pine Bluff on March 7 and 
8, 1995, respectively. 

• Survey of Cosmic-Ray Observatories 
Faculty mentor for Trevis A. Crane 

ASGC Undergraduate Student Scholarship $3,060. 

Grant period: from September 1995 to September 1996. 

• Survey of Gamma-Ray Observatories 
Faculty mentor for Michael G. LaCour . 

ASGC Undergraduate Student Scholarship $3,350. 

Grant period: from September 1995 to September 1996. 

• Astrophysics Experiments with the Compton Gamma-Ray Observatory and 
MELAGRO. ASGC Research Infrastructure Grant: $2,800. 

Grant period: from September 1995 to September 1996. 

Undergraduate students involved: Michael G. LaCour and Trevis A. Crane . 

• Searching for the Origin of Extremely High Energy Cosmic Rays Arkansas State 
University. The Fly’s Eye Experiment University of Arkansas at Little Rock. 
Professor David B. Kieda . University of Utah - Salt Lake City. Presentations were 
held at Arkansas State University and at the University of Arkansas at Little Rock 
on January 22 and 23, 1996, respectively. ASGC Guest Lecturer Grant: $850. 
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• Cosmic Rays and their Origin University of Central Arkansas. 

MILAGRO - A New Gamma-Ray Telescope University of Arkansas at little Rock 
Working with Fermi as a Graduate Student at the University of Chicago University 
of Arkansas at Little Rock. Professor Gaurang B. Yodh . University of California - 
Irvine. Presentations were held at the University of Central Arkansas and at 
University of Arkansas at Little Rock on February 19 and 20, 1996, respectively. 
ASGC Guest Lecturer Grant: $1,200. 

• Prospects for Long-Baseline Neutrino Oscillation Experiments 

Dr. Maury Goodman . Argonne National Laboratory. Presentations were held at 
Harding University and at the University of Arkansas at Little Rock on March 4 and 
5, 1996, respectively. ASGC Guest Lecturer Grant: $700. 

Are you utilizing the Internet or other network? If other, which? 

Yes. Internet is an important part of the computer services offered at UALR. 
Internet is used daily in the Department of Physics and Astronomy. 

Please identify the data sets, if any, used in vour research. 

We find it necessary to use sophisticated programs designed for high energy 
particle physics. Many were developed at CERN, the European Organization for 
Nuclear Research. They have a computing staff which maintains GEANT and PAW 
(Physics Analysis Workstation). The data files containing the programs are very large 
and are usually in compact form. Internet is necessary to obtain the software. 
Physicists at high energy physics laboratories, the world over, use these programs. 
They have become standard in the high energy physics community and are readily 
accepted in publications. 

II. Education 

Assessment of Student Impact: Indicate the impact over your institution’s three 
years in JOVE, that the program has had on student enrollment and/or recruitment? 
Please provide before and after numbers for science majors by discipline, course 
enrollments, etc. Attach additional sheets as required. 

The JOVE program has given undergraduate students and graduate students the 
opportunity to work directly with the same data and computer programs which are 
used at NASA research centers and research universities. With our series of outside 
speakers funded through the Arkansas Space Grant Consortium, our undergraduate 
students have been able to hear and to talk with prominent scientists from all over 
the United States, who are collaborating with astrophysicists from around the world. 

The student research assistants have presented papers at regional meetings of 
the American Physical Society and state meetings of the Arkansas Academy of 
Science. One student presented a paper at the National Conference on Undergraduate 
Research. These enrichment experiences give them an edge over other students. 


REP_C956.DOC 


Page 7 



JOVE Final Report: Academic Year 1995-96 


Dr. Donald C. Wold University of Arkansas at Little Rock April 30. 1 996 

Name Institution Date 

Many of our physics majors come from the University’s Scholars Program. The 
presence of the JOVE program has helped to show potential majors that there are 
exciting things going on in the UALR Department of Physics and Astronomy. One of 
our faculty members has been collaborating with the Solenoidal Tracker at RHIC 
(STAR) group, which is designing a major detector for the Relativistic Heavy Ion 
Collider (RHIC) at Brookhaven National Laboratory. The interactions between 
undergraduate and graduate students working on JOVE projects and STAR projects is 
very healthy and illustrates the way scientific research should function. 

We teach an introductory course in astronomy and an intermediate level course 
in astronomy. For these courses, the instructor downloads Hubble Space Telescope 
pictures. In addition, the UALR planetarium downloads NASA photographs for public 
use. For upper level physics courses, I talk about gamma-ray astronomy as it relates 
to the Compton Gamma-Ray Observatory and the balloon-borne cosmic ray 
experiments which NASA has supported for many years. 
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Student Research Assistants 


Undergraduate Assistants: 

Research Area 

Major 

Source of 
Funding 

Michael G. LaCour 

Gamma-ray astronomy with the 
Compton GRO 

Biology 

ASGC 

Trevis A. Crane 

High energy cosmic-ray particle 
astrophysics 

Physics and 
Astronomy 

ASGC 

Carlos A. Sanchez 

Cosmic ray physics: Monte Carlo 
modeling of nucleus-nucleus 
interactions using FRITIOF and 
LUCIAE. 

Physics 

JOVE 

Graduate Assistants: 

Research Area 

Major 

Source of 
Funding 

Russell Gillum 

Design of a calorimeter for 
balloon-borne cosmic ray 
detectors. 

Physics 

JOVE 

Kazuhiko Murai 

Monte Carlo modeling in 
cosmic ray and high energy 
physics 

Applied 
mathematics 
and computer 
science 

JOVE 

Zibin Yang 

Design of a calorimeter for 
balloon-borne cosmic ray 
detectors and an all-sky 
gamma ray detector 

Applied 
mathematics 
and computer 
science 

JOVE 


III. Curriculum Development 

The trend in universities is to reduce the number of courses offered, unless that 
course belongs to the core group. TJALR has an introductory course and an 
intermediate course in astronomy. It would be hard to justify a separate course in 
space science. Certainly one can make an effort to include examples in advanced 
courses, such as mechanics. 

New Curricula: 

New Courses: 

Amended Courses or Augmented Courses: 

Reading or independent study courses: 

Do vou anticipate additional curricula changes as a result of the IOVE program? 
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IV. Outreach 



Students: 



Outreach Effort 

Location 

Attendees 

1. Presentation on cosmic ray 
physics and the video tape: "The 
Infinite Voyage." Many questions 
and discussions of space science. 
December 1, 1993. 

Magnet Cove High School, 
Magnet Cove, Arkansas. 
Contacts: Jerry Whatley, 
teacher, and Basil Miller, 
principal. 

About 12 
students in the 
physics class. 

2. Presentation on cosmic ray 
physics and the video tape: "The 
Infinite Voyage." Many questions 
and discussions of space science. 
December 6, 1993. 

Malvern High School, 
Malvern, Arkansas. Contact: 
Mr. Bob Cowling, instructor, 
and Mr. Steve Williams, 
principal. 

About 15 
students in the 
physics class. 

3. Presentation on cosmic ray 
physics and the video tape: "The 
Infinite Voyage." Many questions 
and discussions of space science. 
December 8, 1993. 

Glen Rose High School, Glen 
Rose, Arkansas. Contact: 
John Lancaster, teacher, Bob 
Morrison, teacher, and Craig 
Fraiser, principal. 

About 28 
students in 
combined 
chemistry & 
physics classes. 

4. Presentation, discussions and 
questions concerning segments of 
the video tapes entitled: "Living in 
Space” and "HST Incredible Time 
Machine." Many questions about 
the solar system, living in space, 
astronauts, the Hubble space 
telescope, and black holes, etc. 
February 25, 1994. 

Glen Rose Elementary School, 
Glen Rose, Arkansas. 

Contact: Karen Clements, 
teacher. Talked to two 
second grade classes and one 
third grade class. 

About 80 second 
graders and 50 
third graders. 

5. Presentation on cosmic ray 
physics and the video tape: "The 
Infinite Voyage." Many questions 
and discussions of space science. 
July 20, 1994. 

Talk and presentation to high 
school students in UALR 
Summer Chemistry Institute 
for gifted and talented 
students. 

About 30 
students in the 
group. 

6. Presentation on cosmic ray 
physics with demonstrations on 
electrostatics using an electrostatic 
generator and electroscope at 
mathematics/science primary 
school. Many questions and 
discussion. February 23, 1995. 

Booker T. Washington Magnet 
School, Little Rock. Contact: 
Ms. Nava Gazitt, Young. 
Astronaut Program Specialist, 
for the primary school. 

About 30 
students in the 
science class. 
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7. Member of panel discussion Booker T. Washington Magnet About 120 

with speakers on Young School, Little Rock. Contact: students in 

Astronauts’ Day in auditorium at Ms. Nava Gazitt, Young combined 

magnet school for mathematics Astronaut Program Specialist, classes, 

and science. Many questions and for the primary school. 

discussions about space science. 

April 27, 1995. 

8. Participated in the .Arkansas Department of Physics and Two high school 

School for Mathematics and Astronomy, University of students from 

Sciences (ASMS “Careers: Onward Arkansas at Little Rock. ASMS. 

and Upward” shadowing project 
on March 5, 1996. 

Teachers: 

Public: 

V. Summer Programs 

VI. "Roadblocks” to Progress 

NASA makes it very difficult for their own people to travel. The only NASA 
employee who visited was Bob Hartman from Goddard. He came when he was 
officially on vacation from NASA because the red tape is so complicated. 

VII. How could the program be changed to make it more effective? 

I suggest that NASA make it easier for their own employees to visit colleges and 
universities. Undergraduate students are not full-time researchers and they usually 
have a full course load or commensurate responsibilities outside the university. If 
NASA researchers had the time and resources to visit colleges and universities, they 
would have a better grasp of the strengths and limitations of undergraduate students. 

VIII. Overall, what has been your institution's greatest benefit from participating 
in JOVE. 

The interactions of undergraduate and graduate students with researchers at 
NASA sites, government laboratories, and academic research centers may be the 
greatest benefit. It is important to be on the forefront of research and meet scientists 
in the mainstream. Attending conferences such as the International Cosmic Ray 
Conference, or ICRC as it is called, is important to provide visibility to the 
international community. The First International Conference on Cosmic Ray Physics 
in Tibet is another example. Both NASA’s JOVE Program and that of the University of 
Arkansas at Little Rock were mentioned in the abstract to the paper which was 
presented at the conference in Lhasa, Tibet or China. 
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IX. Please list all subject inventions as a result of this award or provide a 
statement that there were none. 

I do not believe that there were any inventions which resulted from this award. 
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Student involvement is an important component of the JOVE (JOint 
VEnture) Program. Thus research activities in the Gamma and Cosmic Ray Branch 
were examined to determine their suitability for undergraduate participation, based 
on existing resources at the University of Arkansas at Little Rock (UALR). 

As the scale of cosmic ray, gamma ray, and high energy physics experiments 
increase, simulation studies require more care and become essential to: design and 
optimize the detectors, develop and test the reconstruction and analysis programs, 
and interpret the experimental data. Many people were contacted regarding the 
suitability and availability of simulation programs for gamma ray astronomy, cosmic 
ray research, and space radiation environments research. The list of persons is 
given in the Appendix. 

As a result of these discussions, several persons provided sufficient 
information about their organization's file directories to allow all the programs to be 
copied. Most of the people contacted were more familiar with GEANT3 and the 
European Organization for Nuclear Research (CERN) Program Library. Other 
simulation programs, such as CALOR89 (along with HETC, MORSE, and EGS4) 
are used also. CALOR89 has been ported to DEC 5000 (Ultrix) workstations. 

GEANT3 is a three-dimensional Monte Carlo simulation program, which is 
used to track particles through an experimental setup for acceptance studies or 
simulation of detector response. The graphical representation of the setup and the 
panicle trajectories can be displayed or printed. 

One advantage of using GEANT3 for simulations is that the program is used 
by many research groups. Furthermore, it is being modified, updated, and 
supported by computer personnel at CERN. Documentation is available for 
programs in the CERN Program Library. As a subscriber to the GEANT file list 
server at CERN, information about changes or problems is frequently received via 
email. Several students at the University of Arkansas at Little Rock are using 
GEANT3 to carry out simulations for the Relativistic Heavy Ion Collider 
experiment. The programs are running on DEC 5000 (Ultrix) workstations. 

For the JOVE program, UALR can build on student and faculty experience 
with programs in the CERN Program Library to conduct simulations of existing 
cosmic ray detectors and those proposed for NASA experiments. If a program is not 
appropriate for the particles or energies involved in a simulation, then it may be 
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necessary to run other programs such as CALOR89. Thus research studies related 
to work in the Gamma & Cosmic Ray Branch of the Astrophysics Division at NASA 
Marshall Space Flight Center would be appropriate for faculty and students at 
UALR. 

A long term goal is to study the spectrum of high-energy cosmic rays. Ballon- 
borne emulsion chambers are used to detect these particles in high energy nucleus- 
nucleus interactions. The detectors have "target sections" and calorimeter sections 
for measurements of produced charged particles and gamma-rays, respectively. The 
target section includes many layers of nuclear emulsion plates to measure the 
charge of the incident particle and the emission angles of the produces charged 
particles. The calorimeter includes layers of nuclear emulsion and x-ray film to 
measure the electron distributions from the electromagnetic cascades initiated by 
gamma-rays from pi-zero decay. 

The electromagnetic cascade is one key to estimating the energy of the 
original cosmic ray. The maximum electron number in an electromagnetic cascade 
can be related to the total energy of the electromagnetic component. A high- 
powered microscope may be used to count individual electron tracks in the shower 
for each of several layers of emulsion, but this procedure is time consuming. 
Consequently, indirect counting techniques, which rely on optical density 
measurements of the x-ray film, are used to study the development of cascades. 

A scintillating optical fiber calorimeter (SOFCAL) is being developed for 
use in emulsion chambers. With this technique, the time required to measure the 
energy in an electromagnetic cascade would be reduced. Furthermore, the device 
would not saturate for long exposures at very high energies where the flux is 
extremely low and long exposures over years in space are required. The calorimeter 
(SOFCAL) would record positions, angles, and temporal information of cosmic ray 
nuclei and gamma-rays. It may be possible to extend the measurements of cosmic 
rays to event energies around 1000 TeV, where a drastic change of elemental 
composition is indicated. 

At the beginning of the JOVE program, it is proposed to use GEANT3 for 
simulation of electromagnetic cascades and compute the energy deposited in 
different regions of the detector (SOFCAL). GEANT3 may be used to develop and 
test reconstruction and analysis programs and to interpret the experimental data. 

For example, the output data from GEANT3 will be compared with simulations of 
electromagnetic cascades being carrying out by NASA researchers with another 
program called EGS3. Simulations done with GEANT3 will provide an important 
validation of those done using EGS3. 

During the summer, the initial data required to initialize the simulation 
programs were collected. This information includes detailed dimensions of the 
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detector (SOFCAL) and typical energies of gamma rays which strike the detector. 
In order to implement the simulation and graphics programs in the CERN Program 
Library, disk space for a project directory on a Space Science Laboratory (SSL) 
VAX was requested. After this directory has been set up, the basic libraries will be 
copied from the CERN VAX to the SSL VAX. 

An extension of this work would be to study simulations of nuclei-nuclei 
collisions at energies which are comparable to those of cosmic rays. Identification 
of the primary particles striking the "target sections" of the balloon-borne emulsion 
chambers is very important. Simulation of events enables the measurements of 
charged particles in the emulsions to be related to the primary energy and panicles 
involved in the collision. The computer program, FRITIOF, in the CERN Program 
Library, is suitable for some beam and target particles. For other nuclei-nuclei 
collisions encountered in the emulsion cosmic ray detectors, the program would 
have to be modified. The output data from these simulations would be useful for 
optimization of existing detectors and design of future cosmic ray detectors. 
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The following people were contacted regarding the suitability and availability 
of simulation programs for gamma ray astronomy, cosmic ray research, and space 
radiation environments research: 

Tony W. Armstrong, Science Applications International Corp. 

Charles Byrd, University of Arkansas at Little Rock (UALR) 

Federico Carminati, CERN and Princeton University 

Martyn J. Corden, Supercomputer Computations Research Institute, 

Florida State University 

Soren Frederiksen, Superconducting Super Collider (SSC) Laboratory 

Tony Gabriel, Oak Ridge National Laboratory 

Clark McGrew, University of California, Irvine 

Miguel Marquina, CERN and Princeton University 

Brent Moore, University of Mississippi, Oxford 

Thomas A. Parnell, NASA Marshall Space Flight Center 

Ellen Roberts, NASA Marshall Space Flight Center 

David Roetzel, University of Arkansas at Little Rock 

John Watts, NASA Marshall Space Flight Center 

Gaurang Yodh, University of California, Irvine 

Saul Youssef, Supercomputer Computations Research Institute, 

Florida State University 
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Monte Carlo Simulation of The Scintillating 
Optical Fiber Calorimeter (SOFCAL) 


Zibin Yang, Russell Gillum and Donald C. Wold 
Department of Physics and Astronomy 
University of Arkansas at Little Rock 
Litde Rock, AR 72204 


Abstract 

A scintillating optical fiber calorimeter (SOFCAL) is being developed by NASA/Marshall Space Flight Center for use in 
balloon-borne emulsion chambers to study the spectrum of high-energy cosmic rays and gamma rays. SOFCAL will not 
saturate for long exposures, and the detector will be helpful for the study of primary cosmic-ray nuclei energies from 100 
GeV to 1,000 TeV. For a given incident particle and energy, computer simulations of electromagnetic cascades allow com- 
putation of energy deposited in different regions of the calorimeter. For these initial simulations, a 5-cm x 5-cm x 7-cm 
calorimeter was used. Each subsection contained a 0.4-cm thick lead plate or two 0.2-cm lead plates and two layers of opti- 
cal fibers, 90° to each other. There were 100 square fibers in a layer, and the length of an edge was 0.5 mm. For incident 
gamma ray energies of 0.5 to 1.5 TeV, the energy deposited in each layer of fibers was computed. Due to the limited 
dynamic range of the imaging electronics, a window for the energy deposition (X Ey) in the fibers was explored to deter- 
mine the best measure of energy deposition in the calorimeter. 


Introduction 

The Monte Carlo method in GEANT (CERN, 1992a) 
was used to simulate the photon and electron events in 
the Scintillating Optical Fiber Calorimeter (SOFCAL), 
which is under development at NASA/Marshall Space 
Flight Center for future applications in cosmic ray and 
gamma ray measurements. 

Emulsion chambers employing calorimeters have been 
used for direct measurements of cosmic-ray composition 
(protons through Fe) between 10 12 and 10 15 eV using bal- 
loon-borne emulsion chambers (Kaplon et al., 1952; 
Minakawa et al., 1958; Niu et al., 1971; Burnett et al., 
1986; Burnett et al., 1987; Parnell et al., 1989; Burnett et 
al., 1990; Asakamori et al., 1991). The emulsion chamber 
shown in Fig. 1 is composed of four parts: (1) a charge- 
determination module, (2) a target module with -0.2 ver- 
tical interaction mean free paths for protons, (3) a spacer 
module, and (4) an emulsion calorimeter module with 
about fourteen vertical radiation lengths. In one emulsion 
chamber (Burnett, et al., 1986), the thickness of each part 
was as follows: primary charge detector, 1.78 cm; target 
module, 15.92 cm; drift space, 12.08 cm; and calorimeter 
section, 6.30 cm. The thickness was measured along an 
axis perpendicular to the plates. The simulations 
described here are for a scintillation optical fiber counter- 
part to the calorimeter section in the emulsion chamber. 

The part of the primary energy going into gamma- 
rays, X Ey» is the parameter most easily related to the pri- 


mary cosmic ray spectrum in emulsion chamber experi- 
ments. The ability to measure energies of electron-photon 
cascades is one of the most important functions of the 
calorimeter. Following an interaction above or in the top 
of the calorimeter, a fraction of the total primary energy 
(5 - 25% of the energy released depending on impact 
parameters and atomic mass numbers of the colliding 
nuclei), will be deposited in the calorimeter in the form 
of photon energy, X Ey. The photons originating from an 
interaction will develop individual electromagnetic cas- 
cades in the calorimeter. For these simulations, a 
calorimeter module with ten vertical radiation length of 
Pb was used. In the geometrical configuration shown in 
Fig. 2, each subsection of the calorimeter consisted of a 4- 
mm lead block, 100 square fibers (each 0.5-mm thick) in 
the x-direction and 100 square fibers (each 0.5-mm thick) 
in the y-direction. In these initial simulations, this lead 
and optical fiber combination was repeated fourteen 
times. 


Materials and Methods 

The Monte Carlo Method in GEANT.— GEANT and 
PAW (CERN, 1992b) are a system of detector description 
and simulation tools developed by CERN. The Monte 
Carlo simulations, which used GEANT Version 3.21, were 
done on DEC 5000 workstations. The principal applica- 
tion of GEANT in High Energy Physics are (1) the track- 
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Fig. 1. Schematic diagram of an emulsion chamber. 


ing of particles through an experimental setup for simula- 
tion of detector response, and (2) the graphical represen- 
tation of the setup and of the particle trajectories. These 
two are often combined interactively in simulations. 

The methods in these simulations include the follow- 
ing steps: 

(1) Describe an experimental setup using geometry setup 
routines . The setup is represented by a structure of geo- 
metrical volumes. Each volume is given a medium num- 
ber by the user. Different volumes may have the same 
medium number. A medium is defined by the so-called 
tracking medium parameters, which include reference to 


the material filling the volume. 

(2) Accept events simulated by standard Monte Carlo gener- 
ators . The Monte Carlo method is based on a statistical 
theorem which says that the distribution of a Cumulative 
Distribution Function is uniform. So random seeds gener- 
ated by a random number generator (uniform) can be 
used to calculate events in a certain distribution. GEANT 
is interfaced with the event generator, FRITIOF. This 
Monte Carol program (Lonnblad, 1992) simulates events 
of hadron-hadron, hadron-nucleus, or nucleus-nucleus 
collisions at high energies. 

(3) Simulate the transport of particles through the various 
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Scintillating Fiber Calorimter 



Fig. 2. Geometry of Scintillating Fiber Calorimeter (SOFCAL). 


regions of the setup . GEANT can take into account the 
interactions of these particles with the matter and the 
boundary of the setup. GEANT is able to simulate the 
dominant processes which can occur in the energy range 
from 10 kV up to 10 TeV. 

(4) Record elements of the particle trajectories and the 
response from the sensitive detectors . 

(5) Visualize the detectors and the particle trajectories . 

The Monte Carlo Program for SOFCAL Simulations 

(SOFCALS). — The process of optimization requires fre- 
quent design changes, so users should be able to change 
the geometry easily. The time required to modify GEANT 


programs containing geometry information about the 
detector can be enormous. Therefore a subroutine was 
developed to read in the geometrical configuration from 
a separate file in an ASCII format. This subroutine reads 
not only detector setup, but also other parameters need- 
ed for the simulation such as tracking medium parame- 
ters. The data are stored and later used for computing 
energy deposited by each particle in the cascade (Fig. 3) 
which was initially produced by a gamma ray. 

Energy deposition is calculated from the lowest level 
geometry. Total energy deposition is integrated using 
step functions. When a threshold is imposed due to limi- 
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The Shower Caused by a Photon with E=100 GeV 

Fig. 3. The trajectories of a photon event with energy of 0.1 TeV. 


tations in the electronic read out devices, then the mea- 
sured energy is less than the energy actually deposited in 
each fiber. The program SOFCALS has interactive rou- 
tines which are called to draw the trajectories of an indi- 
vidual gamma ray event. 


Results 

Energy Deposition Transition Curve and the Shower 
Event — The typical detector (emulsion chamber) shown 
in Fig. 1 has a “target section” and “calorimeter section” 
designed for measuring produced charged particles and 
gamma rays, respectively. The target section includes 
many layers of nuclear emulsion plates to measure the 
charge of the incident particle and the emission angles of 


Proceedings Arkansas Academy of Science, Vol. 48, 1994 



Energy Deposition (MeV}_. 


Zibin Yang, Russell Gillum and Donald C. Wold 


the produced charged particles with high accuracy (0.01 
mrad). The spacer section is a drift space that permits 
closely collimated gamma rays from an upstream vertex 
to diverge from each other before cascade development 
in the downstream calorimeter. The calorimeter includes 
layers of nuclear emulsion and X-ray film among lead 
plates to measure the electron distribudons from the elec- 
tromagnetic cascades initiated by gamma rays from 7C° 
decay. The calorimeter is used to measure the spectrum 
of energy deposition X Ey from which the primary energy 
spectrum is derived. 

It is difficult to measure the momenta of produced 
charged particles in emulsion chambers. However gamma 
rays from the 7t° decay are observed in the calorimeter 
and the emitted angles and energies can be measured 
individually if they are well separated. For high multiplici- 
ty events, they overlap in the forward region. 

The incident energy of the cosmic ray projectile is not 
measured directly, but it can be estimated from the total 
gamma ray energy. The angular distribution and energy 
distribution of gamma rays from each tt° decay are need- 
ed. Isospin symmetry is assumed so the number of 7t°s 
which decay into pairs of gamma rays is about half that of 
the charged n mesons. 

Figure 3 illustrates the cascade of electrons and pho- 
tons produced by an incoming gamma ray with incident 
energy of 0.1 TeV. Figure 4 shows the energy deposited 
in each x-layer of fibers as a function of distance through 
the calorimeter. The incident particle is a gamma-ray with 
energies of 0.5, 1.0, and 1.5 TeV. The three curves are 
based on ten events each. 



X Fiber Layers 

Energy Deposition Transition Curve 


Fig. 4. The energy transition curve of a photon with ener- 
gies of 0.5 TeV, 1 TeV, and 1.5 TeV. 


Discussion 

In these simulations of gamma rays incident on the 
SOFCAL detector, the direction of the incoming photon 
lies along the z-axis which is normal to the plane of each 
lead plate and layer of fibers. The energy transition 
curves show the energy deposited in each layer of optical 
fibers. They are used to determine parameter settings of 
the data acquisition devices. 

The dynamic range is one limitation of the output 
image intensifier CCD electronics. Typical devices are 
limited to a dynamic range of approximately 256. For 
example, if the threshold energy is set to 1 MeV, then the 
highest energy which can be measured is only 256 MeV. 
Due to this limitation, a specific threshold and window 
may be needed to optimize the measurements. For these 
initial simulations of SOFCAL, a dynamic range of 100 
was used. In Fig. 5, a threshold of 2 MeV appears to be 
optimal. Figures 5 to 8 show that the 2-MeV to 200-MeV 
range differentiates between gamma ray energies from 
0.5 to 1.5 TeV better than other ranges. These figures 
should be compared with the energy deposition curve in 
Fig. 4, for which no threshold or range limitation has 
been imposed. For simulations of the primary cosmic 
rays, calculations must be performed with event genera- 
tors, such as FRITIOF, to predict the distributions in £ 
and then use GEANT for associated optimum “window 
settings. 
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Fig. 5. The energy transition curves of photons with dif- 
ferent energies. The dynamic range is 0.5 MeV to 50 
MeV. 
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Fig. 6. The energy transition curves of photons with dif- 
ferent energies. The dynamic range is 1 MeV to 100 MeV. 



Energy Deposition Transition Curve 

Fig. 7. The energy transition curves of photons with dif- 
ferent energies. The dynamic range is 2 MeV to 200 MeV. 



Fig. 8. The energy transition curves of photons with dif- 
ferent energies. The dynamic range is 5 MeV to 500 MeV. 
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A Pilot Study of SPINE Test Scores 
and Measures of Tongue Deviancy 
in Speakers with Severe-to-Profound 
Hearing Loss 



wo developments show promise In the assessment and remediation of de- 
fective speech production in persona with hearing loss. A perceptual 
speech- intelligibility test, the SPINE (for Speech Intelligibility Evaluation), is 
a sun ole. r lini rT-tn. rtrtminLs rered instrument which is valid, reliable, and 
clinically efficient. Ln addition, the development of acoustic measures of 
tongue deviancy, computed from formant frequencies, makes possible a di- 
rect lateral visualization of tongue placement in relation to standard vowel 
placement. In this study, SPINE test scores of 23 persons with severe- to- pro- 
found hearing loss were correlated with two measures of tongue deviancy 
during production of the vowels \i\, \a\, and \u\. For both measures of 
tongue deviancy, correlations with the SPINE were significant for the three 
vowels combined and for the isolated vowel \i\. These findings suggest that 
clinicians may ultimately have two different but complementary means of 
assessing speech production in persons with hearing loss. 
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The verbal speech of persons with se- 
vere -:o- profound hearing loss is Often 
difficult :o understand. Poor speech intel- 
ligibility may result in part from inappro- 
priate tongue placement (tongue devi- 
anev) during vowel production, which in 
cum mav distort coarticulated sounds. 
Although improvement in speech intelli- 
gibility through remedial training is desir- 
able. the erTecuveness of training is sel- 
dom assessed (Monsen. 1981) and con- 
tinues to be debated (Dagenais. 1992). 
Parc of the problem is that traditional per- 
ceptual scales are considered coo cum- 
bersome for rouune clinical use (Monsen. 
1978). 

Perceptual measures used to assess 
speech intelligibility in persons with 
hearing loss have traditionally included 
listeners' ratings of conversational 
speech on an anchored equal-distance 
scale and listeners' transcripuons of what 
they hear from a speech sample. With 
such ratings, clinicians are more inclined 


to transcribe and record deviant conso- 
nants. although deviant vowels may re- 
late as much or more to intelligibility. 
Perceptual approaches to speech assess- 
ment present problems in that they are 
subjective and lack quantitative stan- 
dards. Factors that have been found to 
affect ratings include listeners’ hearing 
acuitv and experience and the stimulus 
materials used in the intelligibility task 
(Geffner. Levitt. Freeman. 3c Gaffney, 
1973; Hudgins. 1949: Hudgins, Finch. 
Lamb. New, 3c Numbers. 1943: Hudgins 
3c Numbers. 1942; E. Johnson, 1939; D. 
Johnson. 1976; Levitt. 1980; Markides. 
1970; McDermott 3c Jones. 1984; McGarr, 
1980. 1983; Silverman. 1943; Smith, 1975, 
1982; Subcelnv, 1977). Valid and reliable 
percepcuai assessment of intelligibility is 
essential to the planning and measure- 
ment of feedback strategies for commu- 
nication rehabilitation with persons who 
are hearing impaired. 

Another assessment-related problem 
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is posed by che invasive procedures 
for investigating speech production, 
such as radiography, paiaco-graphy, 
and electromyography. These proce- 
dures can be uncomfortable, can dis- 
tort che speech signal, and generally 
are unavailable on a reai-ome basis to 
che practicing clinician assisting 
peooie ■an th severe-co-p refound hear- 
ing loss. Thus, a lack or obiective and 
rtcninvosive pnysioiogicai measures of 
congue deviancy hampers che 
clinician's 'efforts Co offer necessary 
and tirnelv feedback as crainmu 
progresses. 

Reliable means of obtaining percep- 
tual and physiological measurements 
cnat correlate with each other need to 
be developed to assist che person wttn 
a hearing loss in efforts to monitor and 
modify his or her vocai tract. These 
instruments should be easy co admin- 
ister and relatively inexpensive, and 
should provide data chat are valid tv ten 
respect to speech intelligibility. The 
information such instruments would 
provtde would make possible an ini- 
tial assessment baseline and an objec- 
tive approach co assessing che efficacy 
of treatment. 

Two developments show promise 
in che assessment and remediation of 
defective speech production. First, a 
perceptual speech intelligibility rest for 
persons with hearing loss called SPINE 
(for Speech Intelligibility Evaluation; 
Monsen, 1981) provides a simple, cli- 
nician-administered instrument chat is 
valid, reliable, and clinically efficient 
(Kelly. Dancer. 2c Bradley, 19861 Sec- 
ond. acoustic measures of congue de- 
viancy computed from format frequen- 
cies (Wold. 1981) offer che clinician 
and che diene a direct visualization of 
congue placement in reiauon co a stan- 
dard or norm. Such feedback, based 
on a noninvasive objective technique, 
can provide che client a visual target 
(tongue placement for normal vowel 
production) for training and practice. 

The purpose of this preliminary 


study was co determine whether clini- 
cian-generated SPINE cesc scores are 
correlated with objective compucer- 
generaced measures of congue devi- 
ancy during vowel production in per- 
sons with severe-co-profound hearing 
loss between che ages of In and 20. 
The chrec vowels of che Ling Five 
Sound Tesc (Ling. 1976')— \i\, \a\, and 
\u\ — were chosen for initial analysis 
because they represent articulatory 
extremes and correspondingly differ- 
ent regions of acoustic energy relating 
co hiah-front. low-back, and hian-back 
tongue placement. The front vowel 
\i\ shows maximum orai constriction, 
while che back vowels \a\ and \u\ 
^how maximum pnaryngeal constric- 
tion and lip protrusion, respectively 
(Screen. Hams. 2c. Rapnaei. L99*0. 

Method 

Subjects 

tn this study, there were 23 subjects 
with hearing loss. 15 females and 13 
males, ranging in age from 1<+ co 20 
years. All attended a state-supported 
day and residential school for the Deaf 
in a metropolitan area. Subject selec- 
tion was based on pure-cone audiomet- 
nc averages for 500. 1000. and 2000 Hz 
in che better ear. which ranged from 65 
dB HL co 120 dB HL. Ail subjects were 
of normal intelligence as determined 
by their performance on che IQ section 
of the Weschier Intelligence Scale. 
They were also enrolled in speech 
therapy and used both speech and 
manual signs to communicate. For the 
23 subject, the mean and standard de- 
viation of the better-ear hearing losses 
were 91.3 dB HL and 14.4 dB HL, re- 
spectively. To ensure that subjects 
could read the simple words from che 
SPINE, only individuals who read at 
the elementary level or higher were in- 
cluded. tn addition, subjects were free 
of ocher handicapping conditions and 
had ao apparent concomicanc visual 
impairments. 


Administration of the SPLNE Test 
The SPINE cesc for words (Monson. 
1981) contains 10 decks of cards. Each 
card in a deck has one of four words 
printed on one side, suen as feel. fad. 
fill, and fed. Thus each deck has 
monosyilaoies chat are acoustically 
similar except for che embedded 
vowel. Other card decks consist of 
groupings suen as net. Sat. nut. not 
and puil. poie. poot . PzuL Wichm each 
deck, che four simiiar words are re- 
peated on four cards, consequently 
there are 16 cares per deck. The ex- | 
ammer shuffles che l6 cares tn each | 
deck and uses oniv che first 10 for cesc- j 
mg purposes; thus, cne numoer of re- 
sponses cccais 100 per cest ( 10 decks 
with 10 presented words per deck). 
The clinician dees not know which of j 
the four words in a deck is actuailv I 
presented visually for che subject co I 
speak at any given ume. Thus the cii- | 
mean records that word he or she per- 
ceives on the basis of the suqecr s pro- 
duction of the embedded vowel. 

The SPINE cest was administered in 
a routine clinical fashion co each sub- 
ject individually in a quiet, weii-lic 
room with che subject seated at a cable 
facing two examiners wich normal 
hearing. Both examiners were famil- 
iar wtth che speech of persons wich 
severe-co-profound hearing loss. Test 
instructions were given by the pnmarv 
examiner chrougn a comomaaon of 
orai speech, manual signs, and 
fingers peliing. 

After a familiarization task, the pri- 
mary examiner shuffled ail che decks 
so that she would not know the order 
of che words. She then held che cards 
up one at a ume as che subject verbally 
produced oral responses co each word 
printed on the card. While che word 
princed on the card was read by che 
subject, the primary examiner and a 
second examiner immediately wrote 
on separate answer sheets che word 
they believed the subject had uttered. 
Rather chan determine qualitatively 
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how well the words were spoken, the 
judges had to make a forced choice of 
one word from among the four words 
with similar but different vowels. 

The cumulative score for the SPINE 
test was equal to the number of cor- 
rect word choices made by the judges, 
with 100 being the highest possible 
score and 25 (or one out of four) be- 
ing the baseline score expected :o re- 
sult from guessing. The scores com- 
puted by the judges were compared, 
averaged, and evaluated for mcerjudge 
reiiubiiicv. Because ;ne mean SPINE 
test scores were obtained from the 
scores of the two examiners, the re- 
sults could be construed as ben? 
more reliable than what would be ob- 
tained in acruai clinical practice with a 
I single clinician doing the scoring. 

| However, the average score differed 
I very little from either of the individual 
! scores and the result was reflected in 

t 

I a htgn interjudge reliability correlation 
j of <-96. 

Speech Acoustic -Sampling 
Procedure 

The vowels selected for analysis were 
the imbedded, coarticulated vowels 
from three of the test words in the 
SPINE itself: the high-front \i\ from 
feet the high-back \u\ from pool, and 
the low-back \a\ from not The vow- 
els provided three distinctly different 
pomes of articulation and acousuc reso- 
nance targets. To obtain better control 
of ambient noise and chereov gain a 
highly favorable signal-co-noise ratio 
for the acoustic recording and later 
analysis of the vowels, voice record- 
ings of all subject producing the three 
words with the embedded vowels 
were made in a session separate from 
the more clinical administration of the 
SPINE. 

For recording, high-qualicy instru- 
mentation was used, consisting of a 
dynamic microphone (Electro-Voice 
model R£55) with a preamplifier 
(Tandberg model 11) and a tape re- 
corder CTEAC model A-3440). Record- 
ings of the test words were made in a 
sound-treated double-walled audio- 


metric suite. The subject and the pri- 
mary examiner sat in the testing booth 
facing each ocher. An assistant situated 
outside the booth operated the record- 
ing equipment. To coordinate record- 
ing, the examiner and assistant com- 
municated manually through the win- 
dow. The subjects were required to 
repeat each of the scimulus words 
three times at a moucn-to-microphone 
distance of 15 cm. The master tapes 
were duplicated on open-reel record- 
ing cape (Ampex Grand Master *+56) at 
a speed of 38.1 cm/ sec with a half- 
track two-channel cape recorder 
(Tandberg model 10XD). The speech 
samples totaled 252 smeie-word pro- 
ductions (nine for each of the 23 sub- 
jects). 

For each subject, the examiner lis- 
tened to the recordings wich ear- 
phones and selected the best or three 
productions for each vowel based on 
a minimum of perceived ambient 
noise. The selected vowel sampies 
were digitized with a computing spec- 
trum analyzer (Rockland r?T 512/S). 
Only an 30-msec central window in 
the middle of the selected vowel in 
each word was digitized in order to 
reduce the possible effects of initiation 
and termination on the formant fre- 
quencies. Obtained from a linear pre- 
diction analysis (Viswanachan d: 
MakhouL 1979). the formant frequen- 
ces were visually checked for accu- 
rate/ by comparison with prominent 
harmonics in the power spectrum and 
maxima in the envelope of the modal 
spectrum. All formant frequencies 
were independently verified with 
broadband spectrograms from i Kay 
Elemetrics Digital Sona-Graph model 
7800. 

Vocal tract shapes for each subject 
were generated from the formant fre- 
quencies (Wold, 1985), and then com- 
pared with vocal tract shapes deter- 
mined from the average formant fre- 
quencies for men and women 
(Peterson & Barney, 1952). This 
method (Ladefoged, Harshman. 
Goldstein, & Rice, 1978) has shown 
that tongue shapes of vowels can be 


adequately desenbed by certain pro- 
portions of a front-raising and a back- 
raising component of the tongue. 
Two methods were used to assess the 
similarity or dissimilarity of each 
subject's vocal tract shape and the cor- 
responding reference vocal tract 
shape. First, the root-mean-square 
(RMS) deviation between the two 
shapes was computed from the First 
three formant frequencies. Second, the 
sum of the absolute deviations in the 
front- and back-raising components 
(F3C) of the tongue shape, which is 
easier to calculate, was computed 
from the same formant frequencies. 
Given the vocal tract shape of the sub- 
ject and Che reference vocal tract 
.'jnace. :t can be shown chat the RM3 
deviation ts aiwavs less chan or equal 
to cne sum or the absolute deviations 
in the components of tongue shape. 
Pearson product-moment correlation 
coefficients and multiple-correlation 
coefficients were then computed be- 
tween the SPINE-test scores in ratio- 
nalized arcsine units (Scudebaker. 
1985) and the reciprocals of both 
acoustic measures of tongue devtancy. 

Results 

Individual SPINE test scores ranged 
from 3*+% co 96% with a group mean 
of 6l% and a standard deviation of 
17Tb. According to Monsen s (1981) 
interpretation of scores, a mean score 
of 6l% indicates thac. in general, 
‘peopie listening to these subjects 
would e.xoenence difficulty in under- 
standing simple macenal. and thac the 
communication process would be la- 
bored and difficult'* (p. 350). 

Table 1 shows the deviations in 
tongue shape as determined by the 
means, standard deviauons. and ranges 
of the rooc- mean- square measure and 
the sum of the absolute deviauons in 
the front and back components. Note 
that \ i\, the highest front vowel, shows 
the most deviation from the normative 
tongue position in centimeters, while 
\u\, the highest back vowel, shows the 
least. The low-back vowel \a\ shows 
intermediate tongue -deviancy values. 


354 , 


Amijucan Annals op thi Dcap 



Table 1 

Comparative Statistical Attribu tes of Two Measures of Tongue Oev.ancy 



\i\ 

.74 

.68 

.24 

.24 

1.47 

1.41 

\a\ 

.62 

.72 

.40 

.29 

1.70 

1.77 

\u\ 

.26 

.59 

.17 

22 

.72 

.92 


3MS. roct-mean-sGuare Geviations m tongue snace 


rHC. sum of :ne aosciuce ceviaticns ci :re front- ana oacx-raismg ccmccnents 



Figure 1 

Vacal Tract Shace (Solid Line) Computed from the 
Formant Frequencies of a Woman with impaired Hearing 
Compared to the Vocal Tract Shape (Dotted Line) 
Computed from the Average Formant Frequencies of 
Men (Peterson & Barney, 1952). The Subject Has 
Uttered a Vowel Sound Corresponding to \iV 


TabJ« 2 

Correlation Coefficients between 
SPINE Test Scores and Two 
Measures of Tongue Ceviancy 


P^Measmes of tongue bevfancy**^ 
r^7?i F3 ? afSCf } product-moment. \ t 

Vowel *■' • 


segments 7. 

7 ’RMS T\ 

*F=C 

\a 

52“ 

5c 4 

1 

20 

.19 

Wv 

01 

18 


Muiticie correlation coefficient 
59 a .52* 

9mS. root-mean-scuare ceviaticns <n 
icngue snace 

rHC. sum at :ne acsciute ceviaticns or :ne 
front- ana Saawaising ccmccnents 

4 Sigmiicant at :ne Qi level of ccnncence 


3 Sigmiicant at :ne .02 level at ccniicence 


Table 2 shows Pearson product- 
moment correlation coefficients and 
the multiple-correlation coefficient be- 
tween SPINE test scores and two mea- 
sures of tongue devancv: (a; the re- 
ciprocals of the root-mean-scuare val- 
ues and (b) the reciprocals of the sum 
of the absolute deviations or the front 
and back components. Note that both 
measures of tongue devtancv yielded 
a statistically significant, moderate cor- 
relation with the vowel \i\ in isolation 
and with the vowels \i\, \a\, and \u\ 
combined into a multiple-correlation 
coefficient. Neither tongue-deviancy 
measure was significantly correlated 
with the vowels \a\ and \u\ in isola- 
tion. 

In Figure 1, a hearing-impaired 
subjects utterance of \i\ (solid line) is 
compared with a normative produc- 
tion (dotted line). Note that the 
subject's tongue was placed in a more 
neutral articulatory position. 
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The data from this study suggest chat 
speakers with severe-ca-profound 
heanng loss are more deviant in their 
production of from vowels, such as 
\i\ t than the/ are in their production of 
back vowels, such as \u\. This infer- 
ence supports previous findings 
(Mangan. 196 L; Boone. 1966; Nober. 
1967; Smith, 1975; Geffner, 1980) and 
may relate primarily to the high-fre- 
I quency, low-intensity F2 formants of 
front vowels. Persons with heanng loss 
are less likely to perceive and use such 
higher-frequency formants in speech 
production, even with am piiTi cation. A 
back vowel such as \u\. with more 
j intense tower-frequency F2 energy, is 
| more iikeiv to be perceived and pro- 
duced correctly with proper amplifica- 
tion. In addition, quantai theory pre- 
dicts that front vowels allow for less 
j variability in their formants, and 
! tnereby require more precise tongue 
placements for correct producuon than 
do the back vowels (Stevens. 1972). 
Although \a\ is a back vowel, with 
lower-frequency energy in both F 1 and 
?2, quantai theory predicts chat the 
close proximity in F1-F2 restnets this 
vowel's variability and increases the 
precision of tongue placement neces- 
sary for correct producuon and percep- 
tion. In this sense. \a\ is a speciai-cose 
back vowel, since it tends to require 
the more precise vocal tract configura- 
tion required of front vowels. 

The statistically significant correla- 
tion between the vowel \i\ and over- 
all SPINE scores suggests that front 
vowels, with relatively high F2 formant 
energy and less formant variability, 
may be more related to overall speech 
intelligibility than are back vowels, 
whose low, more variable F2 formants 
may be perceived by persons with se- 
vere-to-profound hearing loss when 
appropriate amplification is provided. 
A limitation of this study is chat corre- 
lation data on only three, widely sepa- 
rated vowels are included. As previ- 
ously indicated, these vowels were se- 
lected for this pilot study because they 
represent contrasting regions of acous- 


tic energy and physiological place and 
movement characteristics. Fucure re- 
search should involve correlauon of all 
the vowels with their respective SPINE 
embedded counterparts. This would 
determine which vowel or combina- 
tion of vowels relates most strongiv to 
speech intelligibility. 

The sound quality of a vowel is pri- 
marily dependent upon the vocal tract 
configuration. The primary vowel 
articulator of this resonator is the 
tongue. Providing visual cues for 
vowels ts especially frustrating be- 
cause they are ail produced in the 
mouen with minimal external visual lip 
rounding and censing cues. Persons 
with severe-to-prcrcund heanng loss 
muv develop vowel systems based on 
un inaporopnace mode: because they 
nave a reduced number of distinct au- 
ditor/ targets (Rubin. 19H5). Tnus. it 
becomes crucial co introduce reai-time 
vtsuai phvsiotogicai feedback to cli- 
ents dunng ciimcai cherapy for verbal 
soeech production. Incorporating 
computer-generated analysis of the 
deviant speech signai will not only 
provide quantitative measures of 
acoustic and physiological properties 
but wtil provide the vtsuai feedback 
necessarv for learning correct vowel 
production. Fucure advances in micro 
comouter design may reduce the cost 
of equipment capable of such tasks 
and increase the speed or analysis to 
the point where persons with severe- 
co-profound heanng loss can receive 
virtually instantaneous feedback on 
tongue placement during speech pro- 
duction. 

The need for real-time analysis 
brings up another limitation of this 
study, since the vowel productions 
used in meosunng tongue deviancy 
were recorded separately from the 
SPINE test administration. Although 
the laboratory environment provides 
better control over vowel recording 
than does the clinical setting, ic does 
produce a situation in which the 
speaker's words judged for their SPINE 
scores differ from chose used for 
vowel acoustic measures. Whether 


the vowels produced by the subject 
in the laboratory are acoustically dif- 
ferent from those produced dunng the 
SPINE administration and whether 
such differences might affect overall 
vowei-SPINE test relauonships are im- 
portant questions, especially because 
such questions relate :o the erricacy cf 
the laboratory versus real-time, clinicai 
uses Of computer measures cf tongue 
deviancy. Also, variances in tongue 
deviancy dunng repeated productions 
of the same vowel need to be ex- 
plored. within both the laboratory and 
the clinic. 

Visual cues such as these obtained 
from the generation of vocal tract 
shapes can be used as indicators of 
progress in learning correct vowel ar- 
ticulation. Visual cues can also pro- 
vide a means of evaluating and com- 
panng different metnods of teaching 
speech production. This could be 
done by generating vocai tract shapes 
at the onset of therapy and then over- 
laying vocal tract shapes obtained at a 
later time. By doing this, one couid see 
the degree of raising and lowering or 
forward and backward placement of 
the tongue. Comparisons could also 
be made between clinician and client 
productions. 

Previous studies bv Monsen (1981) 
and Kelly. Dancer, and Bra die'/ (19867 
along with the Findings of this study, 
suggest that the SPINE test has valid- 
ity and reliability as a means of judg- 
ing overall speech intelligibility of per- 
sons with severe -to-pro found heanng 
loss. In addition, the SPINE test can be 
administered quickly and easily. Al- 
though perceptual methods of assess- 
ing speech intelligibility are the most 
widely used, computer analysis of the 
speech acoustic signal constitutes a 
relatively objective yet noninvasive 
means of quantifying hypothesized 
physiological properties of speech. 
Thus, computing vocal tract shapes 
from formant frequencies appears fea- 
sible and may be a faster alternative to 
the more traditional approaches to as- 
sessing speech intelligibility of persons 
with hearing loss. In addition, this 
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procedure may provide more clinically 
relevant information for individual ha- 
bilitation and educational planning. 
Tne correlation of SPINE test scores co 
computer measures of congue devt- 
ancy in the production of high-front 
vowels such as \i\ suggests chat the 
clinician may use the SPINE test as a 
means of rapid clinical verification of 
improvement in tongue positioning. 
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1. INTRODUCTION 

The primary motivation for studying nucleus-nucleus collisions at relativistic 
energies is to investigate partonic, hadronic and nuclear matter at high energy densities 
(e > 1-2 GeV/fm 3 ). Early speculations of possible exotic states of matter focused on the 
astrophysical implications of abnormal states of dense nuclear matter. 1 Subsequent field 
theoretical calculations, assuming chiral symmetry in the a model, resulted in 
predictions of abnormal nuclear states and excitation of the vacuum. 2 This generated an 
interest in particle and nuclear physics to transform the state of the vacuum by using 
relativistic nucleus-nucleus collisions. 3 Shortly thereafter, a phase transition to a system 
of deconfined quarks and gluons, the Quark-Gluon Plasma (QGP), 4 was predicted. This 
had implications for both early cosmology and stellar evolution. Many theoretical 
developments have since brought us to the present, still infant state of understanding 5 
of the behavior of highly excited partonic, hadronic and nuclear matter in relativistic 
nucleus-nucleus collisions. 

The early dynamics of these collisions involving hard parton-parton interactions can 
be calculated using perturbative QCD. 6 Various theoretical approaches result in 
predictions that highly excited (T e ffective ~ 500 MeV), predominantly gluonic matter will 
be formed within the first 0.3 fm/c of the collision process. 7 QCD lattice calculations 8 
exhibit a phase transition between a QGP at a temperature near 250 MeV and hadronic 
matter. Such phases of matter may have existed shortly after the Big Bang and may exist 
in the cores of dense stars. An important question is whether such states of matter can 
be created and studied in the laboratory. The Relativistic Heavy Ion Collider (RHIC) is 
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being constructed at Brookhaven National Laboratory to investigate these new and 
fundamental properties or matter. 

2. THE STAR EXPERIMENT 

The STAR experiment 9 will concentrate on measurements of hadron production 
over a large solid angle to be able to study observables on an event-by-event basis. 
STAR will search for signatures of QGP formation and investigate the behavior of 
strongly interacting matter at high energy density. Since there is no single definitive 
signature for the QGP, it is essential to use a flexible detection system at RHIC. STAR 
will simultaneously measure many experimental observables to study signatures of the 
phase transition and the space-time evolution of the collision process. This requires an 
understanding of the microscopic structure of hadronic interactions, at the level of 
quarks and gluons, at high energy densities. The experiment will utilize two aspects of 
hadron production that are fundamentally new at RHIC: correlations between global 
observables cm an eaent-by-event basis and the use of hard scattering ofpartons as a probe of 
the properties of high density nuclear matter. 

The event-by^avent measurement of global observables - such as temperature, flavor 
composition, collision geometry, reaction dynamics, and energy or entropy density 
fluctuations - is possible because of the very high charged particle densities, dn^/dri = 
1000 expected in nucleus-nucleus collisions at RHIC. This will allow novel 
determination of the thermodynamic properties of single events. Correlations between 
observables made on an event-by-event basis may isolate potentially interesting events. 

Measurable jet yields at RHIC will allow investigations of hard QCD processes via 
both highly segmented calorimetry and high pt single particle measurements in a 
tracking system. A systematic study of particle and jet production will be carried out 
over a range of colliding nuclei from pp through p-nudeus up to Au-Au, over a range 
of impact parameters from peripheral to central, and over the range of energies 
available at RHIC. The pp interactions will help establish the gluon structure functions, 
the p-nudeus interactions will be used to study the nudear gluon distributions and thus 
the extent of shadowing of gluons in the nudeus, while the nudeus-nudeus interactions 
are essential to determine the degree of quenching of hard scattered partons in the 
surrounding nudear, hadronic, and partonic matter. Measurements of the remnants of 
hard-scattered partons will be used as a penetrating probe of the QGP, and will provide 
new information on the nudeon structure function and parton shadowing in nudei. 

Measurements will be made at midrapidity over a large pseudo-rapidity range ( I r\ I 
< 1) with full azimuthal coverage (Ad = 2 jc) and azimuthal symmetry. The detection 
system is shown in Fig. 1. It will consist of a silicon vertex tracker (SVT) and time 
projection chamber (TPC) inside a solenoidal magnet with 0.5 T uniform field for 
tracking and momentum analysis over I r\ I <2, and partide identification via dE/dx at 
low pt; a time-of-flight system surrounding the TPC for partide identification at high 
momenta; electromagnetic calorimetry just inside the solenoid to trigger on and 
measure jets and the transverse energy of events; and external time projection chambers 
(not shown in Fig. 1) located downstream outside the solenoid to extend the tracking 
coverage to I rj I » 4.5. Additional fast trigger detectors will be installed to trigger on 
collision geometry and the position of the primary interaction vertex. 
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3. PHYSICS OF STAR 


3.1 Parton Physics from Jets, Mini-Jets and High p t Particles 

The early stages of the collision process can be studied by measuring the products of 
QCD hard scattering processes. Tne partons in a single hard scattering, whose products 
are observed near midrapidity, must traverse distances of several ferrru through highly 
excited matter in a nucieus-nucieus collision. The energy loss of these propagating 
quarks and gluons is predicted 10 to be sensitive to the medium and may be a direct 
method of observing the excitation of the medium. Passage through hadronic or nuclear 
matter is predicted to result in an attenuation of the jet energy and broadening of jets. 
Relative to this damped case, a QGP is predicted to be transparent and an enhanced 
yield at a given transverse energy is expected. The yield of jets will be measured as a 
function of the transverse energy of the jet. 

Mini-jets are expected to be produced copiously in collisions at RHIC. 11 ' 12 Similar to 
the case for high p t jets, the observed yieid of mini-jets is expected to be influenced 
strongly by the state of the high density medium through which they propagate. It is 
important to study the degree of fluctuation of the transverse energy and multiplicity as 
a function of rapidity and azimuthal angle (d 2 E t /dyd<|> and d 2 n/dyd<p) event-by-event , 
which should be strongly affected by the presence of mini-jets. 13 . 
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Figure 2. Results from HIjING calculations for central Au-Au and p-Au interactions at 
RH1C. The dependence of the inclusive charged hadron spectra on mini-jet production 
(dash-dotted), gluon shadowing (dashed) and jet quenching (solid) assuming that the 
gluon shadowing is identical to that of quarks. R AB (p t ) is the ratio of the inclusive p t 
distribution of charged hadrons in A+B nuclear interactions to that of p-*-p (see Ref. 14). 

The inclusive p t distributions and rapidity distributions of hadrons will also be 
influenced by jets, mini-jets, gluon shadowing and quenching 14 as can be seen in Fig. 2. 
A systematic study of pp, p-nudeus and nudeus-nudeus collisions will be necessary to 
unravel the degree to which shadowing and quenching contribute to the spectra of 
partides in nucleus-nudeus collisions. The expected rates for measuring various hard- 
scattering processes in STAR are given in Table 1. 

3.2 Particle Spectra 

As a consequence of the high multiplidties in central nudeus-nucieus events, the slope 
of the transverse momentum (p t ) distribution for pions and the <p t > for pions and kaons 
can be determined event-by-event. Thus, individual events can be characterized by a pion 
slope parameter T 0 (effective "temperature") or <p t >, and a kaon <p t > in order to 
search for events with extremely high temperature, predicted 15 to result from 
deflagration of a QGP. The accuracy of measuring <p t > per event as a function of the 
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Table 1 

Rates for hard QCD processes expected in STAR. 


Observable 

^rui 

(GeV) 

Colliding 

Svstem 

Luminosity 
if (cm'V 1 ) 

p t Range 
(GeV/c) 

STAR Rate 
(*/10 7 s) 

jets. 

200 

PP 

5 x 1030 

>20 

2.3 x 10* 

(inclusive) 




>40 

4.2 x 103 

1 tj 1 <0.5 


p Au 

3.2 x 10 28 

>20 

2.8 x 10* 



(min. bias) 


> 40 

5.0 x 103 



Au Au 

2 x 10 2 * 

>20 

5.5 x 10 5 



(central) 


> 40 

1.0 x lO 3 


500 

PP 

1.4 x 10 21 

>20 

1.1 x 10* 





>40 

2.5 x 10* 





>60 

1.3 x 10 5 

Jt°, it"*’, or it* 

200 

PP 

5 x 1030 

10 ±.5 

4.S x 10 4 

(inclusive) 




15 = .5 

1.5 x IQ 2 

Iti 1 <1 


p Au 

3.2 x 10 28 

10 ±.5 

5.8 x 10 4 



(min. bias) 


15 ± .5 

1.8 x 103 



Au Au 

2 x 10 2 * 

10 ± .5 

1.2 x 10 4 



(central) 


15 ± .5 

-350 


500 

PP 

1.4 x IQ 21 

10 -.5 

4 x 10* 





20 ±.5 

3 x 10 4 





35 ± .5 

-1.2 x 103 


charged particles measured per event is displayed in Fig. 3a. The determination of <p t > 
for pions can be made very accurately on the single event basis in this experiment, over 
the expected range of multiplicities in central collisions from Ca + Ca to Au +■ Au. For 
kaons, with - 200 charged kaons per event in the acceptance for central Au - Au events, 
<pt> can be determined accurately for single events. 

Inclusive p t distributions of charged particles will be measured with high statistics to 
investigate effects such as collective radial flow and critical temperature at low p t and 
mini-jet attenuation 16 at high p t . The p t spectra of baryons and anti-baryons at 
midrapidity are particularly interesting for determining the stopping power of quarks. 
Measurements of the net baryon number and net charge are important for establishing 
the baryo-chemical potential p.g(y) at midrapidity . 

3.3 Strangeness Production 

One of the first predictions of a signature for the formation of a QGP was the 
enhancement in the production of strange particles resulting from chemical equilibrium 
of a system of quarks and giuons 17 . A measurement of the K/jc ratio provides 
information on the_relative concentration of strange and nonstrange quarks, i.e. <(s 
+ s)/(u + u + d + d)>. This has been suggested 18 as a diagnostic tool to differentiate 
between a hadronic gas and a QGP, and to study the role of the expansion velocity. The 
K/ x ratio will be measured in STAR event-by-event with sufficient accuracy (see Fig. 3b) 
to classify the events for correlations with other event observables. 
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Standard Oeviation qf <pt> in MeV/c 



Ftgure 3. Plotted as a function of the charged-parncfe multiplicity measured in an event 
are the standard deviations of a) the measured <p t > for single events generated with a 
Boltzmann distribution with temperatures of 150 MeV and 250 MeV (corresponding to 
<pt> =3/5 and 610, respectively) and b) the ratio K/;t assuming that <K/;t> = 0.1. 

Another unique_feature of STAR is its ability to measure strange and and-strange 
baryons (e.g. K° 3 , A. A, Z', Z\ Q-) over a wide rapidity interval about midraoiditv. 
Enhancements to the strange antibarvon content due to QGP_formadon have been 
predicted. 19 Furthermore, the muitiplv-strange baryons (Z\ Z\ Q-) mav be more 
sensitive to the existence of the QGP. 2(1 

The production cross section of o -mesons can be measured inclusively in STAR via 
the decay <6 = + K~ Measurement of the yield of the <p. which is an ss pair, places a 

more stringent constraint on the origin of the observed flavor composition 21 than the 
K/rt ratio and is expected to be more sensitive to the presence of a QGP. The o 
production rate is also expected to be extremely sensitive to changes in the quark 
masses 22 - 23 due to a possible chiral phase transition at high energy densities. 

3.4 Hanbury-Brown and Twiss (HBT) Interferometry 

Correlations between identical bosons provide information on the freezeout 
geometry, the expansion dynamics and possibly the existence of a QGP. 24 It will be 
unprecedented to measure the pion source parameters via pion correlation analysis on 
an event-by-event basis and to correlate them with other event observables. In an 
individual event with 1000 negative pions within I r| I < 1 , the number of tvk- pairs will 

be n rt _(n IS _-l)/2 = 500,000. This is similar to the accumulated statistics published in most 
papers on the subject. 

The correlations of like-sign charged kaons or pions will be measured on an inclusive 
basis to high accuracy. The dependence of the source parameters on the transverse 
momentum components of the particle pairs will be measured with high statistics. 
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Measurement of correlations between unlike-sign pairs will yield information on the 
Coulomb corrections and effects of final state interactions. The KK correlation is less 
affected by resonance decays after hadronic freeze-out than the k ; t correlations. The K's 
are expected to freeze out earlier 25 than k's in the expansion. Depending upon the 
baryo-chemical potential and the existence of a QGP, the K 4 * and K~ are also expected to 
freeze out at different times. 

By reconstructing the decay topologies of K° 5 re 4 -*', STAR will be able to measure 

K 0 iK 0 s correlations. 9 In this case the absence of Coulomb repulsion, as compared to 
like-sign charged particle correlations, will enable a more precise measurement of the 
large source dimensions expected at RHIC. Since the K° s is not a strangeness eigenstate, 
the K° S K° S correlations will contain an interference term which should provide 
additional space-time information and exhibit strangeness distillation effects in regions 
where the baryochemical potential is significant. 26 

3.5 Electromagnetic/Charged Particle Energy Ratio 

The measurement of EM energy vs. charged-particle energy is an important 
correlation to measure in the search for the QGP and other new physics. The 
unexplained imbalance between charged particle and neutral energy observed in 
Centauro and other cosmic ray events emphasizes the need for EM/charged particle 
measurements. 27 

3.6 Fluctuations in Energy, Entropy, Multiplicity and Transverse Momentum 

It has long been known that a prime, general indicator of a phase transition is the 
appearance of critical dynamical fluctuations in a narrow range of conditions. Such 
critical fluctuations can only be seen in individual events where the statistics are large 
enough to overcome uncertainties ( v N) due to finite particle number fluctuations. The 
large transverse energy and multiplicity densities at midrapidity in central collisions 
allow event-by-event measurement of fluctuations in particle ratios, energy density, 
entropy density and flow of different types of particles as a function of pt, rapidity, and 
azimuthal angle. Fluctuations have been predicted to arise from the process of 
hadronization of a QGP. 28 

4. SUMMARY 

It should be emphasized that the capability of measuring several different 
observables event-by-event is unique to STAR. Events can be characterized event-by- 
event by their temperature, flavor content, transverse energy density, multiplicity 
density, entropy density, degree of fluctuations, occurrence of jets and source size. The 
presence of a QGP is not likely to be observed in an average event, nor is it expected to 
be observed in a large fraction of events. Since there is no single clearly established 
signature of the QGP, access to many observables simultaneously will be critical for 
identifying the rare events in which a QGP is formed. 
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Abstract 

A scintillating optical fiber calorimeter (SOFCAL) is being developed bv 
NASA/Marshall Space Right Center for use in balloon-borne experiments to studv 
the spectrum of high-energy cosmic rays and gamma rays. SOFCAL will not 
saturate for long exposures and the calorimeter will be helpful tor the study or 
primary cosmic-rav nuclei energies from 100 GeV to 1,000 TeV. For a given incident 
particle and energy, computer simulations of electromagnetic cascades allow 
computation of energy deposited in different regions of the calorimeter. For these 
initial simulations, a 5-cm x 5-cm x 7-cm calorimeter was used. Each subsection 
contained a 0.4-cm thick lead plate or two 0.2<m lead plates and two iavers of 
optical fibers, 90° to each other. The 100 fibers in a layer were 0.5-mm thick with a 
square cross-section. For incident gamma ray energies of 0.5 to 1.5 TeV, the energy 
deposited in each layer of fibers was computed. Due to the limited dynamic range 
of the imaging electrorucs, a window for the energy deposition in the fibers is 
explored to determine the best measure of energy deposition (Z£^) in the 
calorimeter. Funding was provided by the NAS A /University Joint Venture (JOVE) 
Program. 

1 Introduction 

The Monte Carlo method in GEANT was used to simulate the photon and electron 
events in the Scintillating Optical Fiber Calorimeter (SOFCAL), which is under 
development at NASA/Marshall Space Flight Center for future applications in cosmic 
ray and gamma ray measurements. 

Emulsion chambers employing calorimeters have been used for direct 
measurements of cosmic-rav composition (protons through Fe) between 10 12 and 10 15 
eV using balloon-borne emulsion chambers [1], [2], [3], [4], [5], [6], [7]. The typical 
emulsion chamber [4] is composed of four parts: (1) a charge-determination module, 
(2) a target module with -0.2 vertical interaction mean free paths for protons, (3) a 
spacer module, and (4) an emulsion calorimeter module with about fourteen vertical 
radiation lengths. The simulations described here are for a scintillation optical fiber 
counterpart to the calorimeter section in the emulsion chamber. 


The part of the primary energy going into gamma-rays, ZE^, is the parameter most 
easily related to the primary cosmic ray spectrum in emulsion chamber experiments. 
The ability to measure energies of electron-photon cascades is one of the most 
important functions of the calorimeter. The photons originating from an interaction 
will develop individual electromagnetic cascades in the calorimeter. For these 
simulations, a calorimeter module with ten vertical radiation lengths of Pb was used. 
In one geometrical configuration, each subsection of the calorimeter consisted of a 4- 
mm lead block, 100 fibers (0.5-mm thick) in the x -direction and 100 fibers (0.5 -mm 
thick) in the y-direction. In these initial simulations, this lead and optical fiber 
combination was repeated fourteen times. 

2 The Monte Carlo Program for SOFCAL Simulations (SOFCALS) 

The Monte Carlo simulations which used GEANT3 were done on DEC oOOO 
workstations. The process of optimization requires frequent design changes, so users 
should be able to change the geometry easily. The time required to modify GEANT 
programs containing geometry information about the detector can be enormous. 
Therefore a subroutine was developed to read in the geometrical configuration from a 
separate file in an ASCII format. This subroutine reads not only detector setup, but 
also other parameters needed for the simulation, such as tracking medium 
parameters. 

Energy deposition is calculated from the 
lowest level geometry. Total energy 
deposition is integrated using step 
functions. When a threshold is imposed 
due to limitations in the electronic read 
out devices, then the measured energy 
is less than the energy actually 
deposited in each fiber. The program 
SOFCALS has interactive routines 
which are called to draw the trajectories 
of an individual gamma ray event. 

3 Results 



Fig. 1. Trajectories of a 0.1 TeV event 


Fig. 1 illustrates the shower of electrons and photons produced by an incoming 
gamma ray with incident energy of 0.1 TeV in the SOFCAL detector. In these 
simulations, the incident gamma ray lies along the z-axis which is normal to the plane 
of each lead plate and layer of fibers. The typical detector (emulsion chamber [4]) has 
a "target section" and "calorimeter section" designed for measuring produced charged 
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particles and gamma rays, respectively. The target section includes many layers of 
nuclear emulsion plates to measure the charge of the incident particle and the 
emission angles of the produced charged particles with high accuracy (0.01 mrad). 
The calorimeter includes layers of nuclear emulsion and X-ray film among lead plates 
to measure the electron distributions from the electromagnetic cascades initiated by 
gamma rays from 7t° decay. The calorimeter is used to measure the spectrum of 
energy deposition from which the primary energy spectrum is derived [4]. 


For the simulations, the angular 
distribution and energy distribution of 
gamma rays from each 7T° decay is 
needed. Isospin symmetry is assumed 
so the number of 7t° s which decay into 
pairs of gamma rays is about half that of 
the charged ~ mesons. 

For 1 TeV gamma rays and 100 events, 
Fig. 2 shows the energy deposited within 
each adjacent layer (#12) of x- and y- 
fibers. The energy transition curve in 


r 

I' 



Fig. 2. Energy deposition in layer #12. 


Fig. 3 shows the total energy deposited within each x-layer of fibers as a function of 
distance through the detector SOFCAL. The incident particle is a gamma-ray with 
energies of 0-5, 1.0, and 1-5 TeV. The three curves are based on ten events each- 


4 Discussion 

In these simulations of gamma rays incident on the SOFCAL detector, the energy 
transition curves show the energy deposited in each layer of optical fibers. These 
curves have been determined for gamma rays from 10 MeV to 1-5 TeV. Within single 
layers of fibers, the energy deposited in each fiber has been computed and plotted. 
GEANT has the advantage that it relatively easy to modify the geometry of the 
detector. Simulations were done for a second geometrical configuration with 2-mm 
lead sheet, x-layer of fibers, 2-mm lead sheet, and y-layer of fibers in each subsection. 

The dynamic range is one limitation of the output image intensifier CCD 
electronics. Typical devices are limited to a dynamic range of approximately 256. For 
example, if the threshold energy is set to 1 MeV, then the highest energy which can be 
measured is only 256 MeV. Due to this limitation, a specific threshold and window 
may be needed to optimize the measurements. For these initial simulations of 
SOFCAL, a dynamic range of 100 was used. In Fig. 4, a threshold of 2 MeV appears to 
be optimal. Fig. 5 and Fig. 6 show the energy transition curve for a 0-5- to 50-MeV 
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window and 5- to 500-MeV window, respectively. When compared with the energy 
transition curve in Fig. 3, for which no threshold has been imposed, these figures 
show that a 2- to 200-MeV window differentiates between gamma ray energies from 
0.5 to 1.5 TeV better than other windows. For simulations of the primary cosmic rays, 
calculations must be performed with event generators, such as FRTTIOF, to predict the 
distributions in and then use GEANT for associated optimum "window” settings. 



Fig. 3. The energy transition cur/e. Fig. 4. The threshold is 2 MeV. 



Fig. 5. The threshold is 0.5 MeV. Fig. 6. The threshold is 5 MeV. 
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Abstract 

A scintillating optical fiber calorimeter (SOFCAL) is being developed by NASA/Marshall Space Flight Center for use 
in balloon-borne experiments to study the spectrum of high-energy cosmic rays and gamma rays. SOFCAL will not satu- 
rate for long exposures and the calorimeter will be useful in emulsion chambers to study primary cosmic-ray nuclei with 
energies from 100 CeV to 1,000 TeV. The event generator FRITIOF was used to model the collision of a cosmic-ray pro- 
jectile with a target nucleus in an emulsion chamber. The measurements of charged particles from the interaction in the 
emulsions are reiated to the energy of the primary cosmic ray nucleus-nucleus interaction, computer simulations of elec- 
tromagnetic cascades allow computation of the energy l£ r deposited in different regions of the calorimeter. The Monte 
Carlo program GEANT was used to model SOFCAL response to incident gamma rays and to compute the measure of 
energy deposition Z£ r in different layers of the calorimeter within the emulsion chamber. The partial coefficient of inelas- 
ticity k r defined by I £ r = A r £ (> was computed for different energies E 0 of primary cosmic rays. The kvdistributions were 

computed and compared with existing calorimeter data. Funding was provided by the NASA/Universitv Joint Venture 
(JOVE) Program. J 


Introduction 

Cosmic rays are now known to span the energy range 
from 1G 9 to beyond 10 20 eV (Asakimori et al., 1993a; 
Asakimori et al., 1993b; Swordy, 1994; Teshima, 1994). 
They are, predominantly, the nuclei of atoms from hydro- 
gen to iron. Above IQ 14 eV the particles are so rare that 
their detection relies mainly on observations of the giant 
cascades or extensive air showers created in the atmos- 
phere which may be observed with arrays of particle and 
optical detectors at ground level. The flux of particles 
decreases inversely as the square of the energy rises, up 
to 10 19 eV, and continues to decrease above 10 19 eV as 
only about one particle per km* per year is collected 
(Watson, 1994). The origin of these particles is unknown 
and how they are accelerated to such high energies is a 
major astrophysical puzzle (Bird et al., 1993). 

Even though the flux of the primary cosmic rays is so 
low that small detectors in spacecraft or balloons can 
intercept only a small number for study, emulsion cham- 
bers are an important tool for the direct measurement of 
the composition and spectra of primary cosmic rays 
above 10 i2 eV/nucleus (Parnell et al., 1989). The emul- 
sion chamber method (Burnett et al., 1986) is especially 
useful for ultrahigh energy cosmic ray observations 
because (1) the efficiency for detecting interactions 


approaches 100% above about 10 TeV and (2) the energy 
resolution is approximately constant with energy for a 
given incident species. Most other energy measuring tech- 
niques are impractical for balloon observations of prima- 
ry cosmic rays at such high energies. 

Balloon-borne emulsion chambers employing 
calorimeters (Fig. 1) have been used for direct measure- 
ments of cosmic-ray composition (protons through Fe) 
between 10 12 and 10 15 eV (Kaplon et al., 1952; Minakawa 
et al., 1958; Niu et al., 1971; Burnett et al., 1986; 
Takahashi et al., 1986; Burnett et al., 1987; Parnell et al., 
1989; Burnett et al., 1990; Asakimori et al., 1933a; 
Asakimori et al., 1993b). The typical emulsion chamber 
(Burnett et al., 1986) is composed of four parts: (1) a 
charge-determination module, (2) a target module with 
-0.2 vertical interaction mean free paths for protons, (3) a 
spacer module, and (4) an emulsion calorimeter module 
with about fourteen vertical radiation lengths. 

The “target section 'includes many layers of nuclear 
emulsion plates to measure the charge of the incident 
particle and the emission angles of the produced charged 
particles with high accuracy (0.01 mrad). The “calorime- 
ter section" includes layers of nuclear emulsion and X-ray 
Film among lead plates to measure the electron distribu- 
tions from the electromagnetic cascades initiated by 
gamma rays from 7t° decay. The calorimeter is used to 


Proceedings Arkansas Academy of Science, Vol. 49, 1995 


121 



Using Geant to Model Calorimeter Response for Electromagnetic Cascades from Nucleus- Nucleus 

Interactions in a Cosmic Ray Detector 


measure the spectrum of energy deposition X£ r from 
which the primary energy E 0 spectrum is derived 
(Burnett el al., 1986). The SOFCAL simulations (Yang et 
L, 1994) described here are for a scintillation optical 
iber counterpart to the calorimeter section in the emul- 
sion chamber. 


Primary Cosmic Ray 


2 cm 


16 cm 


12 cm 




Charge Detector. 

Double Coated Emulsion Plates 
Etchable Track Detectors 


Emulsions, Plastic Plates, 
ano/or Metal Plates 


S mmc 

Honeycomb 


Calorimeter 
Lead Plates 

[Emulsions 
X*Ray film 


and optical fiber combination was repeated fourteen 
times. 



The Shower Caused by a Photon with E«1 GaV 
Fig. 2. The trajectories of a photon event with 1 GeV 
energy in the calorimeter SOFCAL. The cascade was 
modeled with GRANT and PAW for the graphic simula- 
tion. 


Typical Emulsion Chamber 


Fie. 1. Block diaeram of an emulsion chamber (Parnell et 
al., 1989). 


Methods 

That part of the primary energy going into gamm- 
rays X£ r is the parameter most easily related to the prima- 
ry cosmic ray spectrum in emulsion chamber experi- 
ments. The photons originating from a primary interac- 
tion will develop individual electromagnetic cascades in 
the calorimeter. The ability to measure the energies of 
these electron-photon cascades is one of the most impor- 
tant functions of the calorimeter. In the initial simula- 
tions, a calorimeter module with ten vertical radiation 
lengths of Pb was used. In one geometrical configuration 
each subsection of the calorimeter consisted of a 4-mm 
lead block, 100 fibers (0.5-mm thick) in the x-direction 
and 100 fibers (0.5-mm thick) in the yniirection. This lead 


Number oJ Event* - 1000 
Incident Panicle • Photon 
Kali) CeV That* ■ 0 Degree* 

So leal Detector Overall Dimension* ■ 5.0cm z 50cm z 70cm 
Layer* • 14 Each Layer « 2mm l**d ♦ 0-5 mm rflber ♦ 2mm t**d ♦ OSmm yfltoer 



SOFCAL. 


The trajectories or cascade of electrons and photons 
produced by a gamma ray with an incident energy of 1 
GeV is illustrated in Fig. 2. For these simulations with 
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GEANT, the Incident gamma ray lies along the z-axis 
which is normal to the plane of each lead plate and layer 
of fibers. The corresponding energy deposited in each x- 
layer of fibers, as a function of distance through the 
calorimeter, is shown in Fig. 3. GEANT has the advantage 
that it is relatively easy to modify the geometry of the 
SOFCAJL detector and to observe changes in the location 
and size of the electromagnetic cascade within the 
calorimeter. 

For modeling primary cosmic ray interactions, calcu- 
lations must be performed with particle event generators 
to predict distributions in the electromagnetic compo- 
nent X£ r The event generator FRITIOF and LUCIAE 
(Sjostrand and Begtsson, 1987; Pi, 1992; Sa and Tai, 
1994) were used to model nucleus-nucleus interactions in 
an emulsion chamber and the subsequent emission of 
particles. The Monte Carlo program GEANT (CERN 
1992a) and PAW (CERN 1992b) are used to determine 
the associated optimum ‘‘window" settings for the 
calorimeter. GEANT computes the energy deposited in 
each layer of the calorimeter by those gamma rays which 
enter the calorimeter (Yang et al., 1994). The primary 
cosmic ray interactions were modeled with FRITIOF and 
LUCIAE on a DEC 3000 AXP processor. The photon and 
electron events in the Scintillating Optical Fiber 
Calorimeter (SOFCAL) were modeled with GEANT ver- 
sion 3.21 on DEC 5000 workstations. 

The event generator program included LUCIAE 2.0 
for simulating gluon emission in the FIRECRACKER 
model and the rescattering of produced particles in the 
nuclear environment. The program, written in FOR- 
TRAN 77, was used with FRITIOF7.02R, JETSET7.3, 
PYTHIA5.5, and ARIADNE4.02R. The task of PYTHIA 
is to describe the partonic processes taking place in 
hadronic collisions. How these par irons are transformed 
into the experimentally measurable particles, i.e., the 
process of fragmentation, is handled by JETSET. PYTHIA 
can be combined with any well-defined fragmentation 
scheme. Although independent fragmentation is included 
as an option, the fragmentation scheme of JETSET is the 
Lund string model. ARIADNE is a Monte Carlo program 
for QCD cascades in the color dipole formulation. Gluon 
splitting into quark-amiquark paris and photon emission 
in the dipole cascade are allowed. 

The measured spectrum of L£ r is a convolution of 
the primary cosmic ray spectrum with energy response 
function of the detector. The latter depends on the distri- 
bution of partial inelasticity k r There is a unique relation 
or simple scale shift between the X£ r spectrum and the 
corresponding primary spectrum (Parnell et al., 1989), as 
long as the spectral index and the characteristics of the 
interactions do not change substantially over the 
observed energy range. When the differential primary 
(£ 0 ) spectrum of a cosmic ray species is given by the sim- 


ple power law relation 

g(£ 0 )d£ 0 - IqEw dE 0 

the differential spectrum (£„) measured by an emulsion 
chamber is given by 

C(£ m )d£ m - F (/J) d£ m . 

Therefore, the measured spectrum has the same slope as 
the primary spectrum but the normalization has changed 
by the factor (Burnett et al., 1986) 

F\P Wo 1 ^ f(*)d* 

This result holds for any f(A) as long as that distribution is 
independent of energy. Furthermore, it can be shown 
that the conversion factor 

Ck r - {F {p)) ]/ P 

represents the energy scale shift required to go from the 
£ g spectrum to the £ m ■ X£ r spectrum. Therefore, the 
primary £ 0 spectrum can be found by shifting the E m 
spectrum up in energy by the factor, [CkJ* 1 , the recipro- 
cal of Ck r 

Results 

Typical emulsion chambers contain plastic (CHO) 
and emulsion targets (Burnett et al., 1987; Parnell et al., 
1989). The composition of CHO was 33% C, 53% H, 14% 
O. The composition of emulsion was 17.5% C, 40.7% H, 
4.0% N, 12.0% O, 0.17% S, 12.7% Br, 12.3% Ag, and 
0.07% I. The main absorber material in a typical 
calorimeter is lead, which is used to improve energy reso- 
lution. Therefore, a light target nucleus (C) and a heavier 
target nucleus (Ag) were used in modeling the interaction 
of cosmic ray particles within the emulsion chamber. For 
a proton, nitrogen, and iron nucleus incident on a fixed 
target carbon nucleus, the distribution of gamma rays 
produced by an incoming projectile with an incident 
energy of 1000 GeV/ nucleon is shown in Fig. 4. For these 
primary cosmic rays incident on a fixed target silver 
nucleus, the distribution of gamma rays produced by an 
incoming projectile with an incident energy of 1000 
GeV/nucleon is shown in Fig. 5. Each distribution was 
based on 2000 events. 

In a calorimeter the maximum electron number in an 
electromagnetic cascade can be related to the total energy 
of the electromagnetic component X£ r This quantity is 
direedy proportional to the energy E 0 of the original cos- 
mic ray. ££ r * kyE^ The factor A r is the partial coefficient 
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of inelasticity, which represents that fraction of the ener- 
gy of the primary cosmic ray used to create the r -rays. It 
is a function of the mass number of both the primary 
nucleus and the target nucleus (Burnett et al., 1986). 
Once the target nucleus and the primary cosmic ray have 
been identified in an emulsion layer of the apparatus, the 
distribution of k y becomes a known quantity. This distrib- 
ution and the energy of the electromagnetic cascade are 
used to estimate the energy of the primary cosmic ray 
(Parnell et al. f 1989). 



Gamma-Ray Energy In GeV 


Fig. 4. The energy distribution of gamma rays due to a 
proton, nitrogen or iron nucleus incident on a fixed tar- 
get carbon nucleus. Only gamma rays within a polar angle 
of 30* from the axis of the incident projectile were count- 
ed. 


Using 2000 events, representative distributions for 
f(A r ) are shown in Fig. 6 for a cosmic ray proton, nitrogen, 
or an iron nucleus colliding with a fixed target lead nucle- 
us (A - 207) in an emulsion chamber. Each projectile has 
an energy of 200 GeV/ nucleon. By using FRITIOF and 
LUCIAE to generate gamma rays from the primary inter- 
action, partial inelasticity distributions were calculated 
from those gamma rays within a polar angle of 30* from 
the z-axis. The energy conversion factors Cky, for obtain- 
ing the primary E 0 spectrum energy from LE r were 0.256 
and 0.108 for proton and iron, respectively, where [3 - 1-7 
is the assumed primary particle spectral index. An energy 
of 200 GeV/nucleon was used for the primary energy of 
the proton and iron nucleus that interacts with a fixed 


target lead nucleus. These Ck y should be compared with 
those calculated with the Multi-Chain Model (AsaJumori 
et al., 1993b), where all successive collisions are included. 
For events that interact within the calorimeter section of 
the chamber, they found that the energy conversion fac- 
tors Cfe 7 are typically 0.273 and 0.108 for proton and iron, 
respectively, (Parnell et al., 1989). 



0 200 400 500 *00 1000 1200 1400 


Gamma-Ray Energy In GeV 

Fig. 5. The energy distribution of gamma rays due to a 
proton, nitrogen or iron nucleus incident on a fixed tar- 
get silver nucleus. Only gamma rays within a polar angle 
of 30* from the axis of the incident projectile were count- 
ed. 


Discussion 

Cosmic rays span a very large energy range from 10 9 
to beyond 10 20 eV. A realistic modeling of particle detec- 
ton should include those energies which are likely to be 
encountered and measured by the cosmic ray or gamma 
ray detector. The primary cosmic rays were modeled for 
nucleus-nucleus interactions in an emulsion chamber. 
These simulations were done with FRITIOF and LUCIAE 
up to 1000 GeV/nucleon and appear to agree well with 
existing data. For detailed modeling of electron-photon 
cascades in the calorimeter, GEANT and PAW were used 
to determine energy deposition and transition curves for 
the electromagnetic energy incident on the calorimeter. 
By using the actual dimensions of the SOFCAL detector, 
which will be tested in a balloon flight this year, the mod- 
eling of SOFCAL will be useful for analyzing cosmic ray 
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events. Ac the same time, modeling the primary cosmic 
ray interaction in the emulsion chamber should be done 
at energies higher than 1000 GeV/nucieon with FRITIOF 
and LUCIAE to determine primary energy and composi- 
tion of the incident cosmic rays. 


Distributions of f(ky) versus ley 





Fig. 6. Some distributions of ^ for the partial inelasticity 
into gamma rays f(k 7 ). These are for a primary proton, 
nitrogen, and iron nucleus which interact with a fixed tar- 
get nucleus of lead. The assumed primary particle spec- 
tral index was /J * 1.7. The electromagnetic component 
was calculated with FRITIOF and LUCIAE. 
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Abstract 

A scintillating optical fiber calorimeter (SOFCAL) is being developed by NASA/Marshall Space Flight Center for use 
in experiments to study the spectrum of high-energy cosmic rays and gamma rays from 100 CeV to 1,000 TeV. SOFCAL 
.vill not saturate for long exposures and this calorimeter in these balloon-borne emulsion chambers will be helpful for the 
study of the composition of primary cosmic-ray nuclei. For primary nuclei with energies much greater than 10 14 eV, nucle- 
us-nucleus interactions are likely to exhibit characteristics of a quark-gluon plasma (QGP). A particle event generator was 
used to model the collision of a cosmic-ray nucleus with a target nucleus in an emulsion chamber. FRITIOF with LUCIAE 
was chosen to model collisions of primary cosmic rays in an emulsion chamber with SOFCAL- Pseudo-rapidity distribu- 
tions were computed for protons on lead at 200 GeV/ c and compared with experimental data. Pseudo-rapidity distribu- 
tions were computed for protons or iron incident on a carbon or silver nucleus. For gamma-rays from nucleus-nucleus 
interactions, the total energy of the electromagnetic component ZF 7 was computed. The partial coefficient of inelasticity 
defined by L£ r « k r £* was computed from the primary energy E 0 of the cosmic rays. The f(k 7 >d is tributio ns were com- 
puted and compared with existing calorimeter data. Funding was provided by the NASA/University Joint Venture (JOVE) 
Program. 


Introduction 

Cosmic rays are now known to span the energy range 
from 10* to beyond 10 20 eV (Asakimori et al., 1993a; 
Asakimori et al., 1993b; Swordy, 1994; Teshima, 1994). 
They are predominantly the nuclei of atoms from hydro- 
gen to iron. Above 10 14 eV the particles are so rare that 
their detection relies mainly on observations of the giant 
cascades or extensive air showers created in the atmos- 
phere which may be observed with arrays of particle and 
optical detectors at ground level. The flux of particles 
decreases inversely as the square of the energy rises (Fig. 
1), up to 10 19 eV, and continues to decrease above 10 19 eV 
as only about one particle per km 2 per year is collected 
(Watson, 1994). The origin of these particles is unknown 
and how they are accelerated to such high energies is a 
major astrophysical puzzle (Bird et al., 1993). 

Even though the flux of the primary cosmic rays is so 
low at these energies that small detectors in spacecraft or 
balloons can intercept only a small number for study, 
emulsion chambers are an important tool for the direct 
measurement of the composition and spectra of cosmic 
rays above 10 12 eV/nucleon. The emulsion chamber 
method (Burnett et al., 1986) is especially useful for ultra- 
high energy cosmic ray observations because (1) the effi- 
ciency for detection interactions approaches 100% above 
about 10 TeV and (2) the energy resolution is approxi- 


mately constant with energy for a given incident species. 
Most other energy measuring techniques are impractical 
for balloon observations of primary cosmic rays at such 
high energies. 

Balloon-borne emulsion chambers, employing 
calorimeters, have been used for direct measurements of 
cosmic-ray composition (protons through Fe) between 
10 12 and 10 15 eV (Kaplon et al., 1952; Minakawa et al., 
1958; Niu et al., 1971; Burnett et al., 1986; Takahashi et 
al., 1986; Burnett et al., 1987; Parnell et al., 1989; Burnett 
el al., 1990; Asakimori et al., 1993a; Asakimori et al., 
1993b). The typical emulsion chamber (Burnett et al., 
1986) is composed of four parts: (1) a charge-determina- 
tion module, (2) a target module with -0.2 vertical inter- 
action mean free paths for protons, (3) a spacer module, 
and (4) an emulsion calorimeter mocule with about four- 
teen vertical radiation lengths. 

The “target section’* includes many layers of nuclear 
emulsion plates to measure the charge of the incident 
particle and the emission angles of the produced charged 
particles with high accuracy (0.01 mrad). The “calorime- 
ter section" includes layers of nuclear emulsion and X-ray 
film among lead plates to measure the electron distribu- 
tions from the electromagnetic cascades initiated by 
gamma rays from it 0 decay. The calorimeter is used to 
measure the spectrum of energy deposition L£ 7 from 
which the primary energy spectrum is derived (Burnett et 


Proceedings Arkansas Academy of Science, VoL 49, 1995 


160 



Carlos A. Sanchez, Kazuhiko Murai and Donald C. Wold 


Differential Cosmic-Ray Spectrum: 
10 11 to 10 20 av (with normalization) 



mic rays for the energy range from 10 11 to 10 20 eV per 
particle or nucleus. 


ah, 1986). The scintillationing optical fiber calorimeter 
(SOFCAL) is a scintillation optical fiber counterpart to 
the calorimeter section in the emulsion chamber. SOF- 
CAL is under development at NASA/Marshall Space 
Flight Center for future applications in cosmic ray and 
gamma ray measurements. 

Materials and Methods 

For modeling the primary cosmic ray interactions, 
calculations must be performed with event generators, 
such as FRITIOF, to predict distributions of the electro- 
magnetic component X£ 7 in the calorimeter. FRITIOF 
(Bengtsson and Sjostrand, 1987; Nilsson-Almqvist and 
Stenlund, 1987; Sjostrand and Bengtsson, 1987; Pi, 1992; 
Sa and Tai, 1994) was used to model nucleus-nucleus 
interactions in an emulsion chamber and the subsequent 
emission of particles. GEANT (CERN, 1992a) and PAW 
(CERN, 1992b) are used for associated optimum “win- 
dow” settings of the calorimeter. 

For the initial modeling of SOFCAL (Yang et al. t 
1994), a calorimeter module with ten vertical radiation 
lengths of Pb was used. In one geometrical configura- 
tion, each subsection of the calorimeter consisted of a 4- 
mm lead block, 100 fibers (0.5-mm thick) in the x-direc- 


tion and 100 fibers (0.5-mm thick) in the y-direction. This 
lead and optical fiber combination was repeated fourteen 
times. Photon and electron events in SOFCAL were mod- 
eled with GEANT on DEC 5000 workstations. 

Event Generator for Modeling Nucleus-Nucleus 
Collisions.--FRlTlQF is a Monte Carlo program that 
implements the Lund string dynamics for hadron-hadron, 
hadron-nucleus, and nucleus-nucleus collisions 
(Bengtsson and Sjostrand, 1987). At high energies, a colli- 
sion between nuclei can be regarded as incoherent colli- 
sions between their nucleons. Thus, a nucleon from the 
projectile interacts independently with the encountered 
target nucleon as it passes through the nucleus. Each of 
these sub-collisions can be treated the same way as the 
usual hadron-hadron collision. 

In FRITIOF an interacting hadron behaves like a rela- 
tivistic string with a confined color field. Two hadrons 
interact with each other as their fields overlap, and 
momentum transfer takes place. It is assumed that no net 
color is exchanged between the hadrons despite the 
momentum transfer. The possibility of one of the 
momentum transfers corresponding to large transverse 
momentum scattering is properly treated according to 
QCD. After the exchange of momenta, the hadrons are 
assumed to become two excited string states, which fur- 
ther emit gluconic radiation in a color dipole approach to 
the QCD parton branching. The final hadronization is 
performed by using the Lund string fragmentation 
model. 

When both baryon density and energy density are 
high enough in heavy ion collisions, new features appear 
compared with hadron-hadron collisions, e.g., high P r 
enhancement, strangeness enhancement, anti-baryon pro- 
duction, etc. They reveal that heavy-ion collisions may 
possess unknown characteristics or collectivity which are 
not able to be described by superposition of independent 
hadron-hadron collisions. The formation of a new state of 
matter (Harris et al., 1994), Quark-Gluon Plasma (QGP), 
has been suggested to explain those new features. 

Usually, there are many ’‘strings” formed through rel- 
ativistic heavy-ion collisions. Those strings can thus over- 
lap with each other and produce a heavily interacting sys- 
tem in which the behavior of an individual “string” is 
affected by the presence of other “strings”, which can not 
be treated independently any longer. In the version of 
FRITIOF used for the nucleus-nucleus interactions, the 
Fire Cracker Model (FCM) was used to model the emis- 
sion of gluons from a system containing several strings 
formed during collision. In the model, gluons can be 
emitted collectively from the color field of the multi- 
string system. Because many particles are produced in 
high energy nucleus-nucleus collisions, they will scatter 
with each other and spectator nucleons when going 
through the interaction region. This rescattering effect 
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(RESCATTERING) has been considered important in 
heavy-ion collisions. FCM and RESCATTERING, imple- 
mented in the Monte Carlo program LUCIAE 2.0, are 
able to describe high P T enhancements and increase of 
strangeness. 

The event generator program included LUCIAE 2.0 
for simulating gluon emission in the FIRECRACKER 
model and the rescauering of produced particles in the 
nuclear environment. The program is written in FOR- 
TRAN 77 and was used together with FRITIOF7.02R, 
JETSET7.3, PYTHIA3.5, and ARIADNE4.02R The task, 
of PYTHIA is to describe the partonic processes taking 
place in hadronic collisions. How these partons are trans- 
formed into the experimentally measurable particles, i.e., 
the process of fragmentation, is handled by JETSET. 
PYTHIA can be combined with any well-defined frag- 
mentation scheme. Although independent fragmentation 
is included as an option, the fragmentation scheme of 
JETSET is the Lund string model. ARIADNE is a Monte 
Carlo program for QCD cascades in the color dipole for- 
mulation. Gluon splitting into quark-antiquark pairs and 
photon emission in the dipole cascade are allowed. The 
primarv cosmic ray interactions were modeled with 
FRTTIOF and LUCIAE on a DEC 3000 AXP processor. 

Primary Energy Spectrum Analysis.—— In emulsion 
chamber experiments, that part of the primary cosmic-ray 
energy £g going into gamma-ray energy E m m ££ 7 is die 
parameter most easily related to the primary cosmic ray 
spectrum. The photons originating from an interaction 
will develop individual electromagnetic cascades in the 
calorimeter. The ability to measure energies of electron- 
photon cascades is one of the most important functions 
of the calorimeter because the primary energy £<j spec- 
trum can be found from the E m spectrum. 

In a calorimeter the maximum electron number in an 
electromagnetic cascade can be related to the total energy 
of the electromagnetic component L£ r The measured 
spectrum of Em is a convolution of the primary cosmic 
ray spectrum with the energy response function of the 
detector (Burnett et al., 1986). The quantity £ m is direedy 
proportional to the primary energy £ 0 of the original cos- 
mic ray: X£ r - The response function depends on 

the distribudon of partial inelasdcity k r There is a unique 
relation (Parnell et al., 1989) or simple scale shift between 
the I£ r spectrum and the corresponding primary spec- 
trum, as long as the spectral index and the characteristics 
of the interactions do not change substantially the 
observed energy range. It can be shown (Burnett et al., 
1986) that the energy conversion factor 

C-(V ^ fWdkF(£)}W> 

represents the energy scale shift required to go from the 


£ 0 spectrum to the £ m - X£ 7 spectrum. Therefore, the 
primary £ 0 spectrum can be found by shifting the £ m 
spectrum up in energy by the factor, C 1 , the reciprocal of 
C (Parnell et al., 1989; Asakimori et al., 1993b). 


Results 

For these initial calculations of nucleus-nucleus inter- 
actions, the event generator program modeled the emis- 
sion of gluons from a system containing several strings 
formed during collision and the rescauering effect. As an 
illustration of the event generator program results, Fig. 2 
shows the distribution of all charged particles as a func- 
tion of pseudo-rapidity distribution for 200 GeV/c pro- 
tons incident on fixed target lead nucleus. The predicted 
values are compared with experimental data (Dias et al., 
1980). In Fig. 3 the rapidity distributions for production 
of ail xr and K° are shown for 1000 GeV/ nucleon iron 
nuclei incident on a fixed target silver nucleus. In Fig. 4 
the rapidity distributions for production of all protons 
and antiprotons are shown for 1000 GeV/ nucleon ion 
nuclei incident on a fixed target silver nucleus. The event 
generator program included FRTTIOF and LUCIAE 



ij ■ — In tan 

Fig. 2. The distribution of all charged particles as a func- 
tion of pseudo-rapidity for a proton incident on fixed tar- 
get lead nucleus (Elias et al., 1980). The proton energy 
was 200 GeV and 2000 events were used in the simulation 
FRTTIOF and LUCIAE were used to model the interac- 
tion. 
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RAPIDITY DISTRIBUTIONS 
Fe + Ag 

1000 GeV/nucleon 
2000 EVENTS 

Fig. 3. Rapidity distributions of K ' and jc* mesons pro- 
duced by an iron nucleus primary (Fe), with an energy of 
1000 CeV/nucleon, incident on a silver target nucleus 
(Ag). FRITIOF and LUCIAE were used to model the 
interaction. 



Fig. 5. Integral k T -distributions for a proton with an 
energy of 400 GeV incident on a fixed target lead nucleus 
(Dake et al., 1980). FRITIOF and LUCIAE were used to 
model the interaction. 



dN/dy (Proton) dN/dy (Pbar) 

RAPIDITY DISTRIBUTION 
Fe + Ag 

1000 GeV/nucleon 
2000 EVENTS 

Fig. 4. Rapidity distributions of protons and anti-protons 
mesons produced by an iron nucleus primary (Fe), with 
an energy of 1000 GeV/nucleon, incident on a silver tar- 
get nucleus (Ag). FRITIOF and LUCIAE were used to 
model the interaction. 


Typical emulsion chambers contain plastic (CHO) 
and emulsion targets (Burnett et al. f 1987; Parnell et al., 
1989). The composition of CHO was 33% C, 53% H, 14% 
O. The composition of emulsion was 17.5% C, 40.7% H, 
4.0% N, 12.0% O, 0.17% S, 12.7% Br, 12.8% Ag, and 
0.07% I. Therefore, a light target nucleus (C) and a heav- 
ier target nucleus (Ag) were used in modeling the interac- 
tion of cosmic ray particles with the target section of the 
emulsion chamber. 

The factor kj, is the partial coefficient of inelasticity, 
representing that fraction of the energy of the primary 
nucleus used to create rrays. It is a function of the mass 
number of both the primary nucleus and the target nucle- 
us (Burnett et al., 1986). Once the target nucleus and die 
primary cosmic ray have been identified in an emulsion 
layer of the apparatus, the distribution of k^ becomes a 
known quantity. This distribution and the energy of the 
electromagnetic cascade are used to estimate the energy 
of the primary cosmic ray. Integral or cumulative distrib- 
utions of kj for a proton incident on a fixed target lead 
nucleus (Drake et al., 1980) arc shown in Fig. 5. The pro- 
ton energy was 400 GeV and 2000 events were used in the 
simulation. 
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Discussion 

Cosmic rays span a very large energy range from IQ 9 
o beyond 10 20 eV. A realistic modeling of particle detec* 
ors should include those energies which are likely to be 
^countered and measured by cosmic ray and gamma ray 
ietectors. The primary cosmic rays were modeled for 
mcleus-nucleus interactions in an emulsion chamber, 
fhese simulations were done with FRITIOF and LUCIAE 
ip to 1000 GeV/ nucleon and appear to agree well with 
existing data, but modeling primary cosmic-ray interac- 
:ons in the emulsion chamber will be more useful at 
lighter energies where we hope to Find evidence for the 
ormation of a quark-gluon plasma. The next step is to 
how that the primary cosmic ray interaction can be mod- 
eled at such energies with FRITIOF and LUCIAE to 
ietermine primary energy and composition of the inci- 
lent cosmic rays. The modeling of SOFCAL can be done 
vith CEANT. 
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Effective communication 
with community leaders 
and public officials at 
local , state, and federal 
levels is essential if faculty 
and administrators of 
metropolitan universities 
are to be successful in 
accomplishing their unique 
mission . However, examples 
of involvement by physical 
scientists are rare. This 
brief report describes 
multidirectional communi- 
cation and linkages 
established by a physicist 
at the University of 
Arkansas at Little Rock in 
connection with plans for a 
high energy astrophysics 
experiment that led instead 
to a proposal for a Re- 
source Recovery Project . 


High Energy 
Physics and 
Environmental 
Health: 

A Note by a Metropolitan 
University Physicist 

In a recent issue of Metropolitan Universities (Win- 
ter 1994) Daniel Johnson describes multidirectional 
communication in the metropolitan university as “link- 
ing the university with public officials and agencies.. .in 
a network that fosters the flow of information and 
encourages interaction and partnership in addressing 
important community issues.’’ Linkages between met- 
ropolitan university social and behavioral science fac- 
ulty, community leaders, and public officials are in- 
creasingly common in response to the need to address 
local and regional social problems. However, there 
are far fewer examples of relationships and communi- 
cation between metropolitan university physical sci- 
entists, the business community, and public policy mak- 
ers focused on addressing environmental health. This 
report illustrates one example of such multidirectional 
communication by describing linkages established by 
a physicist at the University of Arkansas at Little Rock 
(UALR) in connection with a high energy astrophys- 
ics experiment proposed for an abandoned barite mine 
site. The proposal raised numerous public policy is- 
sues, including environmental health concerns affect- 
ing both the project scientists as well as those people 
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who live along the creeks and river into which the contaminated water from 
the mine pit area flows. Acid drainage from this site has existed for over 50 
years. As an example of a metropolitan university physicist’s role in public 
policy issues, this personal chronicle also indicates the complexity of the in- 
teractions when questions of environmental health and public policy are raised. 

In the end, these interactions resulted in a proposal for a resource recovery 
project to demonstrate viable technologies for recovering clean water from 
an abandoned heavy metal mine. 

GRANDE Project 

In 1987, an international group of physicists was formed to investigate 
the important new fields of neutrino and gamma-ray astrophysics. The group 
included over 30 scientists from universities and research institutes in the 
United States, Poland, and the then Soviet Union. The goal of the collabora- 
tion was to construct the world s largest, most advanced Gamma-Ray And 
Neutrino DEtector (GRANDE), a unique detection facility that would make 
important contributions to these exciting new fields of science. After an 
extensive nation-wide search, an abandoned barite mine about 45 miles from 
Little Rock was selected as the most suitable site for the proposed facility. 

Environmental Health 

From the inception of UALR’s involvement in the GRANDE project, at- 
tention was given to the environmental issues raised by discharging contami- 
nated water from an abandoned mine. Work done over a five year period in 
preparing the various GRANDE proposals resulted in much useful environ- 
mental data. The open-pit mine and underground barite mine are located in 
the upper drainage basin of Chamberlain Creek near Magnet Cove, Arkan- 
sas. The water in the pit (almost 4 billion gallons in 1995) and the abandoned 
mine spoils around it form the headwaters region of Chamberlain Creek. For 
a typical rainfall of 55 inches per year, about 0.5 million gallons per day are 
added to this volume by the surface and groundwater systems that drain into 
the pit. Consequently, acid mine drainage has been a problem for people who 
live along Chamberlain Creek. 

When the initial hydrologic studies were done in 1988, the stage or eleva- 
tion of the surface of the water in the pit was about 77 feet below the lowest 
known point along the shore, where an unregulated discharge of water would 
overflow into Chamberlain Creek. Now, seven years later, the stage is only 
15 feet below that point. As the stage continues to rise, the water in the pit 
itself becomes a more obvious point source for acidic water containing heavy 
metals sulfates in the Chamberlain Creek basin and downstream reaches, in- 
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eluding the Ouachita River from which the city of Malvern draws its drinking 
water. 

Preliminary sampling in 1988 of water in the Chamberlain Creek barite pit 
indicated that water quality does not meet national secondary drinking stan- 
dards for chloride, iron, manganese, pH, sulfate, sodium, and total dissolved 
solids. If water overflows from the pit, these discharges will cause concen- 
trations of chlorides, sulfates, and total dissolved solids in Chamberlain Creek 
to exceed the guidelines for regulatory compliance to discharge water, and 
cause concentrations to exceed the applicable criteria in the tributary streams. 

The contamination of water filling abandoned mines with barite and other 
heavy metal ores is a nationwide problem. Heavy metals pose a significant 
threat both to human health and safety and to aquatic environments. Some 
metals are neurotoxicants (lead, mercury, cadmium), while others form po- 
tentially carcinogenic organometallics. 

There are currently more than 300,000 abandoned hard rock mine sites in 
the United States that pose a threat to health and the environment due to acid 
mine drainage. Runoff containing acids, metals, and chemicals from aban- 
doned mine sites has contaminated more than 12,000 miles of rivers and 
streams and more than 180,000 lakes and reservoirs. Surface and ground- 
water contamination by heavy metals is a problem at numerous sites within 
the United States. Thus substantial exists interest in so-called resource re- 
covery: finding ways of purifying the water and, at the same time, capturing 
the valuable heavy metals in the liquid. 

Resource Recovery Project 

In 1993, the district chief of the U.S. Geological Survey drew the atten- 
tion of UALR physicists to a pilot Resource Recovery Project at Butte, 
Montana, using water from an abandoned copper mine. The project was be- 
ing conducted by the Office of Technology Development in the Office of 
Environmental Management in the U.S. Department of Energy (DOE). This 
information led the UALR scientists to engage in discussions with Arkansas 
Congressman, Jay Dickey, and with representatives of DOE to explore the 
possibility of a project similar to the one in Montana. In April 1994, a pro- 
posal for a resource recovery project in Arkansas was completed and split 
into two parts, one requesting federal funds from DOE and the other re- 
questing state funds through the Arkansas Energy Office. These pending 
proposals have been endorsed by the Board of Directors of the Industrial 
Development Corporation of Hot Spring County. The Industrial Develop- 
ment Corporation would be involved in the execution of right-of-access agree- 
ments for collecting water samples and monitoring water level. Further- 
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more, right-of-way agreements and leases would be required for demonstrat- 
ing technologies at pilot-scale. The agreements and leases would be between 
the landowners and the Industrial Development Corporation of Hot Spring 
County, not the University of Arkansas at Little Rock. ° 

The proposed Resource Recovery Project will evaluate, test, and demon- 
strate technologies for reclaiming clean useable water and marketable min- 
eral resources from water in the Chamberlain Creek barite pit. The project 
will focus on resource conservation; end-use of the recovered water and 
mineral resources, including industrial, commercial, and agricultural uses- 
and nonuseable by-product minimization. Resource recovery/remediation 
costs for the water will be determined using economic analyses of each tech- 
nology and the costs offset by recovered resources. 

The goals and technical objectives will be carried out by the Office of 
Technology Development in the U.S. Department of Energy, and MSE, Inc., 
the DOE contractor at Butte, Montana. As an outgrowth of its experience 
with the Montana Resource Recovery Project, the latter is qualified to assist 

with the technology screening, selection, and implementation for the water in 
the barite pit. 

Information transfer resulting from the technology demonstrations at the 

bante pit and its associated groundwater system will provide the followine 
benefits: s 

First, the data gathered will assist in selecting the most appropriate and 
cost-effective technologies for recovering the water for beneficial uses. Sec- 
ond, the project will demonstrate which mineral resources are recoverable in 
marketable quantities, if any, and qualities from the water in the pit. Finally 
the data gathered will provide the direct benefit of developing and assessing 
technologies that may be used to recover similar water resources found on 
DOE lands and those near abandoned mine sites. 

This demonstration project will be watched closely by other communities 
with similar problems. Although the immediate beneficiaries will be the local 
residents, the state and nation as a whole will benefit from the project. The 
project itself would not be possible without the active participation of nu- 
merous individuals at the University of Arkansas and the community. 
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The Variation of Spectral Line Strength Across Close Binary Star Surfaces 

Van Hamme, W. (Florida International University) and R. E. Wilson (University of Florida) 

We examine the effects of the variation of the strength of a spectral line across the surface of a 
tidally distorted binary star component. In particular, we are interested in the influence line 
strength variations have on radial velocity calculations. Using the latest ATLAS stellar atmosphere 
models, and the ATLAS program itself, we determine how the strength of a stellar absorption line, 
as measured by its equivalent width, varies as a function of effective temperature, surface gravity, 
chemical composition, and the angle between the local normal to the surface of the star and the 
line of sight. These equivalent widths are used to compute a flux-weighted and equivalent width- 
weighted mean radial velocity of the visible disk of the star relative to its center of mass. We then 
compare radial velocity proximity effects based on this method with those based solely on flux- 
weighted averages. 

Acknowledgments: 

We are grateful to Robert L Kurucz for providing the latest version of the ATLAS stellar 
atmosphere program, including the line opacity subroutine used to compute line profiles. His 
assistance has been invaluable. This work was sponsored by a NASA JOVE grant awarded to 
Florida International University and the University of Florida. 


Understanding Blazars: Interpretation of the Multifreouencv Spectrum of 3C_2?9 from Radio 
through Gamma-Ravs 

Webb, James R. (Florida International University) 

We have complied observations of 3C 279 covering 15 decades in frequency in order to 
understand the physics associated with the non-thermaJ emission of Blazars. We present two 
multifrequency particles in a strong magnetic field. We find the differences in the spectra from one 
observation to the next is adequately explained in terms of variations in the maximum electron 
energies injected into the magnetic field. 


Monte Carlo Simulations of Cosmic Ravs for the Detector SFOCAL 
Wold, Don (University of Arkansas, Little Rock) 

A long term goal is to study the spectrum of high-energy cosmic rays. Balloon-borne emulsion 
chambers are used to detect these particles in high energy nucleus-nucleus interactions. The 
detectors have target sections' and calorimeter sections for measurements of produced charged 
particles and gamma-rays, respectively. A scintillating fiber optical calorimeter (SFOCAL) is being 
developed for use in emulsion chambers. With this technique, the data are available for immediate 
use, and the time required to measure the energy in an electromagnetic cascade is significantly 
reduced. There is no need to wait processing X-ray films or emulsions. The data are stored in 
digital form which reduces the labor-intensive process of tracing events. 

GEANT is being used for computer simulation of electromagnetic cascades to compute the 
energy deposited in different regions of the detector (SFOCAL). The energy deposition does not 
include any energy produced as secondary particles in the nucleus-nucleus interaction. The 
results agreed nicely with a different approach to detector geometry used by the Gamma Ray and 
Cosmic Ray Branch at NASA Marshall Space Right Center. The next step is to model the nuclear 
cascades using FRITIOF, VENUS, or HIJING. The detector response for electromagnetic 
cascades, resulting from nucleus-nucleus interactions (i.e., carbon on lead) will then be modeled 
using GEANT. 
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Monte Carlo Simulations of a NASA Scintillating Optical 
Fiber Calorimeter for 10- to 1.000-MeV Gamma Ravs. R. 
GILLUM, Z. YANG, D. WOLD, University of Arkansas at Little 
Rock . - A scintillating optical fiber calorimeter (SOFCAL) is 
being developed by NASA/Marshall Space Flight Center for use 
in balloon-borne emulsion chambers. SOFCAL will not saturate 
for long exposures and will record positions, angles and 
temporal information about cosmic-ray nuclei and gamma 
rays. For a given incident particle and energy, computer 
simulations of electromagnetic cascades allow computation of 
energy deposited in different regions of the calorimeter. For 
the simulations, a 5-cm x 5-cm x 7-cm calorimeter was used. 
Each subsection contained a 0.4-cm thick lead plate or two 0.2- 
cm lead plates and two layers of optical fibers, 90' to each 
other. The square cross-section of each fiber was 0.5-mm 
thick. For incident gamma ray energies of 10, 20, 50, 100, 200, 
and 1,000 MeV, curves were plotted to ascertain the energy 
deposition in the x-layer and y-layer fibers. The same 
simulations were repeated with electrons as the incident 
particles. The simulations and detector response were 
compared with those obtained using gamma rays. Funding for 
this project was provided by the NASA/University Joint 
Venture (JOVE) Program. 
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Monte Carlo Simulations of a NASA Scintillating Optical 
Fiber Calorimeter for 0.5- to 1.5-TeV Gamma Rays. Z. YANG, R. 
GILLUM, D. WOLD, University of Arkansas at Little Rock . - A 
scintillating optical fiber calorimeter (SOFCAL) is being 
developed by NASA/Marshall Space Flight Center for use in 
balloon-borne emulsion chambers to study the spectrum of 
high-energy cosmic rays. SOFCAL will not saturate for long 
exposures and the detector will be a valuable tool for the 
study of primary cosmic-ray nuclei from 10 GeV to 1,000 GeV. 
For a given incident particle and energy, computer simulations 
of electromagnetic cascades allow computation of energy 
deposited in different regions of the calorimeter. For the 
simulations, a 5-cm x 5-cm x 7-cm calorimeter was used. Each 
subsection contained a 0.4-cm thick lead plate or two 0.2-cm 
lead plates and two layers of optical fibers, 90" to each other. 
The square cross-section of each fiber was 0.5-mm thick. For 
incident gamma ray energies of 0.5 to 1.5 TeV, the energy 
deposition in each x-layer and y-layer fibers was computed. 
For a limited dynamic range of the electronics, a window with 
a threshold of 2 MeV and upper limit of 200 MeV deposited 
energy was found to be optimal for incident gamma rays in the 
0.5 to 1.5 TeV range. Funding for this project was provided by 
the NASA/University Joint Venture (JOVE) Program. 
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MONTE CARLO SIMULATIONS OF A NASA SCINTILLATING OPTICAL FIBER CAmorurrm c «„ 
10- TO l.OOO-MEV GAMMA RAYS. CALORIMETER FOR 

IL. G ILL UM . Z. YANG. D. WOLD. Department of Physics and Asnronomy. University of Ark- a n«< 
at Little Rock.280 1 S. University Avenue. Uttle Rock. AR 72204 ,ty of Arkansas 

A scintiUattng optical Tiber caionmeter (SOFCAL) is being developed by NASA/Marshall Soace 
Flight Center for use m balloon-borne emulsion chambers. SOFC-AL will not saturate for Iona 
exposures and will record positions, angles and temporal information about cosmic-ray 
nuclei and gamma rays. For a given incident particle and energy, computer simulations of 
electromagnetic cascades allow computation of energy deposited in different regions of the 
caionmeter. For the simulations, a 5-cm x S-cm x 7-cm caionmeter was used. Each 
subsection contained a 0.4-cm thick lead plate or two 0.2 -cm lead plates and two layers of 
optical fibers. 90* to each other. The square cross-section of each fiber was 0.5-mm thick. 
For incident gamma ray energies of 10. 20. SO. LOO. 200. and 1.000 MeV. curves were plotted 
to ascertain the energy deposition in the x-layer and y-layer fibers. The same simulations 
were repeated wuh electrons as the incident particles. The simulations and detector response 
were compared wuh those obtained using gamma rays. Funding for this project was 
provided by the NASA/University Joint Venture (JOVE) Program. 
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contained thin strtps of PHBV film aid PHB-containing baau^^Tr^l ^ 
Lnoculated wxtb syxcbacteria. After seve^Td^Se^S^^ 
bacterxa and caused the disappearance of tteirFHB i«:l^Sf^S tSL 

indicating that enzymatic degradation had oocurred. When the then 

SOlUti ° n ' *** ^ d^cnstrating the 
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Extracellular -Signal Ragulatad Xlnaaaa (XEX*) &rt a family of ■iiijm* 
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activity, or aftar activation of protaia VI naaa C (7XC). Wa wlahad to datarmlna 
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uatraatad caila dlf farad froa tha ooa obtainad in caila traatad with althar B-7, 
?MX or FC 3 , suggesting poaaibla aodif icationa of XRX2 by phosphorylation* To 
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ABSTRACT 

MONTE CARLO SIMULATIONS OF A NASA SCINTILLATING OPTICAL FIBER CALORIMETER FOR 
10- TO 1,000-MEV GAMMA RAYS. 

R. GILLUM . Z. YANG, D. WOLD, Department of Physics and Astronomy, University of .Arkansas 
at Little Rock,2801 S. University Avenue, Little Rock, AR 72204 

A scintillating optical fiber calorimeter (SOFCAL) is being developed by NASA/Marshall Space 
Flight Center for use in balloon-borne emulsion chambers. SOFCAL will not saturate for long 
exposures and will record positions, angles and temporal information about cosmic-ray 
nuclei and gamma rays. For a given incident particle and energy, computer simulations of 
electromagnetic cascades allow computation of energy deposited in different regions of the 
calorimeter. For the simulations, a 5-cm x 5-cm x 7-cm calorimeter was used. Each 
subsection contained a 0.4-cm thick lead plate or two 0.2-cm lead plates and two layers of 
optical fibers, 90’ to each other. The square cross-section of each fiber was 0.5-mm thick. 
For incident gamma ray energies of 10, 20, 50, 100, 200, and 1,000 MeV, curves were plotted 
to ascertain the energy deposition in the x-layer and y-layer fibers. The same simulations 
were repeated with electrons as the incident particles. The simulations and detector response 
were compared with those obtained using gamma rays. Funding for this project was 
provided by the NASA/University Joint Venture (JOVE) Program. 
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RATIO A ND SUCCESS, AN ASSESSMENT OF LINDE3A MEUSSIFOLIA IN ARKANSAS 
Robert 0. Wright, 68 Crestview Road, Conway, AR 72032 

l^era rnelissifolia , F°ndberry is a federally endangered dioecious shrub found 
in Ar Kansas and tour other southeastern states. Although by far the greatj^rea 
exists in Arkansas, it is broken into numerous small single-sex eW« 
in two locations. Several stands have been lost during the 1980's according to 
records of Om Art*,,,, Naturel Horiug, Oo^ssioo cas“l 

reveals that there are more males than females. This suggests dependence on vegeta- 
tive reproduction, with possible bias against females. This papeTSSts Sn Sri? 
investigating this suggestion. It was fourd that a 7:1 bias taSx SS“fJSS 
males. Poor survival of seedlings and transplants indicates that only apomictic 
reproduction is successful. Females allocate 45 times more resourSs 
duction than males. Stem dieback occurs in both sexes but regrowth is vigorous 
gJwJhSf S (SlL! Cre5S ’ 3nd reSponse o£ net Photosynthesis and^conductanSf favor 


as-TO ^ 235 £?KS 0 ' A NA5A raa cuoux nn for 

Unlv “ a '>’ ^ 

zszZtetoj san “ aK ,or ion8 “ po!ur ' s «* & taSr^uihft 

aiuaoie tool tor the study of primary cosmic-ray nuclei from 10 GeV to 1 OOO ov Fnr a 
rnm" l " adem “d energy, computer simulations of electromagnetic cascades allow 

Ts cm x s°Z r'?S'5‘ ,0S ‘‘ ed “ < “ fer “' of >1« atanna^For the 
nhr!l X nSi X 7< P “ 1< ? nmeter was use d- Each subsection contained a C.4-ac thick lead 
plate or two 0.2-cm lead plates and two layers of optical fibers, 90* to each other The sonar* 

S“;ES£? eh fiber Was °- S : mm thidC For tnddem^nma ofO 5 to S 
H l energy deposition in each x-layer and y-layer fibers was computed. For a limited 

MeidennS ° f ** dectr . om «- a Y^dow with a threshold of 2 MeV and upper limit 200 
rana» deP c° Sl !f d was found to be optimal for incident gamma rays In the O.S to 1 S TeV 

Progranu Undm ^ ° T ^ Pr ° JeCt WaS prov4de d b Y the NASA/Universlry Joint Venture (JOVE) 


UV-INOOCED CHROHOSOMAL BREAKS AND THE DNA REPLICATION FORK 

Daniel Ki Yoder , Jason M. Hiles, and Gaston Griggs 

Biology Dept. John Brown University 
Siloaa Springs, Arkansas 72761 

Our most recent experimentation was initiated to investigate 
UV-inducad chromosomal aberration production in eukaryotic cells. 
Specifically, appropriate Bromodeoxyuridine labelling techniques 
were developed and applied, in conjunction with conventional 
techniques, for exploring correlations between the DHA replication 
progression and radiation— induced chromosomal aberrations in 
S phase eukaryotic cells. Direct evidence for the role of the DNA 
replication fork in converting some UV-induced pre- aberrational DNA 
damage to chromosomal deletions was observed. 
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ABSTRACT 

MONTE CARLO SIMULATIONS OF A NASA SCINTILLATING OPTICAL FIBER CALORIMETER FOR 
0.5- TO 1.5-TEV GAMMA RAYS. 

Z. YANG . R. GILLUM, D. WOLD, Department of Physics and Astronomy, University of .Arkansas 
at Little Rock, 2801 S. University Avenue, Little Rock, AR 72204 

A scintillating optical fiber calorimeter (SOFC.AL) is being developed by NASA/Marshall Space 
Flight Center for use in balloon-borne emulsion chambers to study the spectrum of high- 
energy cosmic rays. SOFC.AL will not saturate for long exposures and the detector will be a 
valuable tool for the study of primary cosmic-ray nuclei from 10 GeV to 1,000 GeV. For a 
given incident particle and energy, computer simulations of electromagnetic cascades allow 
computation of energy deposited in different regions of the calorimeter. For the simulations, 
a 5-cm x 5-cm x 7-cm calorimeter was used. Each subsection contained a 0.4-cm thick lead 
plate or two 0.2-cm lead plates and two layers of optical fibers, 90* to each other. The square 
cross-section of each fiber was 0.5-mm thick. For incident gamma ray energies of 0.5 to 1.5 
TeV, the energy deposition in each x-layer and y-layer fibers was computed. For a limited 
dynamic range of the electronics, a window with a threshold of 2 MeV and upper limit of 200 
MeV deposited energy was found to be optimal for incident gamma rays in the 0.5 to 1.5 TeV 
range. Funding for this project was provided by the NASA/University Joint Venture (JOVE) 
Program. 
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Gamma Ray Emissions from Binary Pulsar Systems 

Hall. Tony A.' and Andrew T. Sustlch (Arkansas State University) 


A method is developed for estimating the gamma ray flux impinging upon the Earth from production in 
binary pulsar systems. We calculate production of the 6.13 MeV gamma ray line characteristic of 16 0. 
These are produced by protons emitted by the pulsar interacting with 1s O atoms at the surface of the 
companion. We examine different types of companion stars and estimate the gamma ray flux at the Earth 
as a function of proton emission from the pulsar and distance from the Earth. Prospects for detection from 
Earth are discussed. 

♦ 

student 

Supported in part by NASA-JOVE, SILO, and the Arkansas State Grant Consortium. 

(Or. Suttich Is working with Or. Gird Crannell of the Goddard Space Right Center.) 


Line Strength-Weighted Binary Star Radial Velocities 

Van Hamme. Walter (Florida International Univesity) and R. E. Wilson (University of Florida) 

We present further results on our new method of computing binary star radial velocities. A key element 
of the method is the inclusion of proximity effect based on flux and line strength-weighted averages over 
the visible stellar disks. Earlier results indicated that effects due to line strength-weighting amount to a few 
percent in terms of the radial velocity semi-amplitudes. Further experimentation has revealed these effects 
to be more important for extreme mass ratio contact binaries (type AW UMa), and early spectral type (hot) 
near-contact systems (type TU Mon, V701 Sco). Results for both types are shown. 

A NASA JOVE grant awarded to Florida International University and the University of Florida is gratefully 
acknowledged. 

(Dr. Van Hamme is working with Dr. Robert Wilson of the University of Rorida.) 


Monte Carlo Simulation of a Scintillating Optical Fiber Calorimeter 

Wold. Donald C. . ZIbin Yang* and Russell Gillum* (University of Arkansas at Little Rock) 

A scintillating optical fiber calorimeter (SOFCAL) is being developed by NASA/Marshall Space Right 
Center for use in balloon-borne experiments to study the spectrum of high-energy cosmic rays and gamma 
rays. SOFCAL will not saturate for long exposures and the calorimeter will be helpful for the study of 
primary cosmic -ray nuclei energies from 100 GeV to 1,000 TeV. For a given incident particle and energy, 
computer simulations of electromagnetic cascades allow computation of energy deposited in different 
regions of the calorimeter. For these initial simulations, a 5-cm x 5-cm x 7-cm calorimeter was used. Each 
subsection contained a 0.4-cm thick lead plate or two 0.2-cm lead plates and two layers of optical fibers, 
90® to each other. The 1 00 fibers in a layer were 0.5-mm thick with a square cross-section. For incident 
gamma ray energies of 0.5 to 1 .5 TeV, the energy deposited in each layer of fibers was computed. Due to 
the limited dynamic range of the imaging electronics, a window for the energy deposition in the fibers is 

explored to determine the best measure of energy deposition (Z£y) in the calorimeter. 

* 

student 

Funding was provided by the NASA/University Joint Venture (JOVE) Program. ^ 
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MONTE CARLO SIMULATION OF A SCINTILLATING OPTICAL 

FIBER CALORIMETER 


Donald C. Wold, Zibin Yang, and Russell Gillum 
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2801 S. University Avenue, Little Rock, AR 72204, USA 

Abstract 

A scintillating optical fiber calorimeter (SOFCAL) is being developed by 
NASA/Marshall Space Flight Center for use in balloon-borne experiments to study 
the spectrum of high-energy cosmic rays and gamma rays. SOFCAL will not 
saturate for long exposures and the calorimeter will be helpful for the study of 
primary cosmic-ray nuclei energies from 100 GeV to 1,000 TeV. For a given incident 
particle and energy, computer simulations of electromagnetic cascades allow 
computation of energy deposited in different regions of the calorimeter. For these 
initial simulations, a 5-cm x 5 -cm x 7-cm calorimeter was used. Each subsection 
contained a 0.4-cm thick lead plate or two 0.2-cm lead plates and two iavers of 
optical fibers, 90° to each other. The 100 fibers in a layer were 0.5-mm thick with a 
square cross-section. For incident gamma ray energies of C.5 to 1.5 TeV, the energy 
deposited in each layer of fibers was computed. Due to the limited dynamic range 
of the imaging electronics, a window for the energy deposition in the fibers is 
explored to determine the best measure of energy deposition (ZE^) in the 
calorimeter. Funding was provided by the NASA /University Joint Venture (JOVE) 
Program. 

1 Introduction 

The Monte Carlo method in GRANT was used to simulate the photon and electron 
events in the Scintillating Optical Fiber Calorimeter (SOFCAL), which is under 
development at NASA/Marshall Space Flight Center for future applications in cosmic 
ray and gamma ray measurements. 

Emulsion chambers employing calorimeters have been used for direct 
measurements of cosmic-ray composition (protons through Fe) between 10 1 - and 10 15 
eV using balloon-borne emulsion chambers [1], [2], [3], (4), [5], [6], [7]. The typical 
emulsion chamber [4) is composed of four parts: (1) a charge-determination module, 
(2) a target module with -0.2 vertical interaction mean free paths for protons, (3) a 
spacer module, and (4) an emulsion calorimeter module with about fourteen vertical 
radiation lengths. The simulations described here arc for a scintillation optical fiber 
counterpart to the calorimeter section in the emulsion chamber. 
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The part of the primary energy going into gamma-rays, ZEy, is the parameter most 
easily related to the primary cosmic ray spectrum in emulsion chamber experiments. 
The ability to measure energies of electron-photon cascades is one of the most 
important functions of the calorimeter. The photons originating from an interaction 
will develop individual electromagnetic cascades in the calorimeter. For these 
simulations, a calorimeter module with ten vertical radiation lengths of Pb was used. 
In one geometrical configuration, each subsection of the calorimeter consisted of a 4- 
mm lead block, 100 fibers (0.5-nun thick) in the x-direction and ICO fibers (0.5-mm 
thick) in the y-directiorL In these initial simulations, this lead and optical fiber 
combination was repeated fourteen times. 

2 The Monte Carlo Program for SOFCAL Simulations (SOFCALS) 


The Monte Carlo simulations which used GEANT3 were done on DEC 3000 
workstations. The process of optimization requires frequent design changes, so users 
should be able to change the geometry easily. The time required to modify GEANT 
programs containing geometry information about the detector can be enormous. 
Therefore a subroutine was developed to read in the geometrical configuration from a 
separate file in an ASCII format. This subroutine reads not only detector setup, but 
also other parameters needed for the simulation, such as tracking medium 


parameters. 

Energy deposition is calculated from the 
lowest level geometry. Total energy 
deposition is integrated using step 
functions. When a threshold is imposed 
due to limitations in the electronic read 
out devices, then the measured energy 
is less than the energy actually 
deposited in each fiber. The program 
SOFCALS has interactive routines 
which are called to draw the trajectories 
of an individual gamma ray event. 

3 Results 



Fig. 1. Trajectories of a 0.1 TeV event 


Fig. 1 illustrates the shower of electrons and photons produced by an incoming 
gamma ray with incident energy of 0.1 TeV in the SOFCAL detector. In these 
simulations, the incident gamma ray lies along the z-axis which is normal to the plane 
of each lead plate and layer of fibers. The typical detector (emulsion chamber [4]) has 
a "target section" and "calorimeter section" designed for measuring produced charged 
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particles and gamma rays, respectively. The target section includes many layers of 
nuclear emulsion plates to measure the charge of the incident particle and the 
emission angles of the produced charged particles with high accuracy (0.01 mrad). 

The calorimeter includes layers of nuclear emulsion and X-ray film among lead plates 
to measure the electron distributions from the electromagnetic cascades initiated by 
gamma rays from it 0 decay. The calorimeter is used to measure the spectrum of 
energy deposition I E T from which the primary energy spectrum is derived [4]. 

For the simulations, the angular 
distribution and energy distribution of 
gamma rays from each 7r° decay is 
needed. Isos pin symmetry is assumed 
so the number of tt° s which decay into 
pairs of gamma rays is about half that of 
the charged k mesons. 

For 1 TeV gamma rays and 100 events, 

Fig. 2 shows the energy deposited within 
each adjacent layer (#12) of x- and y- 
fibers. The energy transition curve in 
Fig. 3 shows the total energy deposited within each x-layer of fibers as a function of 
distance through the detector SOFCAL The incident particle is a gamma-ray with 
energies of 0-5, 1.0, and L5 TeV. The three curves are based on ten events each. 

4 Discussion 

* In these simulations of gamma rays incident on the SOFCAL detector, the energy 
transition curves show the energy deposited in each layer of optical fibers. These 
curves have been determined for gamma rays from 10 MeV to 1.5 TeV. Within single 
layers of fibers, the energy deposited in each fiber has been computed and plotted. 
GEANT has the advantage that it i<; relatively easy to modify the geometry of the 
detector. Simulations were done for a second geometrical configuration with 2-mm 
lead sheet, x-layer of fibers, 2-mm lead sheet, and y-layer of fibers in each subsection. 

The dynamic range is one limitation of the output image intensifier CCD 
electronics. Typical devices are limited to a dynamic range of approximately 256. For 
example, if the threshold energy is set to 1 MeV, then the highest energy which can be 
measured is only 256 MeV. Due to this limitation, a specific threshold and window 
may be needed to optimize the measurements. For these initial simulations of 
SOFCAL, a dynamic range of 100 was used. In Fig. 4, a threshold of 2 MeV appears to 
be optimal. Fig. 5 and Fig. 6 show the energy transition curve for a 0-5- to 50-MeV 


r 
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Fig. 2. Energy deposition in layer #12. 
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window and 5- to 500-MeV window, respectively. When compared with the energy 
transition curve in Fig. 3, for which no threshold has been imposed, these figures 
show that a 2- to 200-MeV window differentiates between gamma ray energies from 
0.5 to 1.5 TeV better than other windows. For simulations of the primary cosmic rays, 
calculations must be performed with event generators, such as FRITIOF, to predict the 
| distributions in Z£^ and then use GEANT for associated optimum "window*’ settings. 

i 



Fig. 3. The energy transition curve. Fig. 4. The threshold is 2 MeV. 



Fig. 5. The threshold is 0-5 MeV. Fig. 6. The threshold is 5 MeV. 
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USING GEANT TO MODEL CALORIMETER RESPONSE FOR ELECTROMAGNETIC CASCADES 
FROM NUCLEUS-NUCLEUS INTERACTIONS IN A COSMIC RAY DETECTOR 

KAZUHIKO MURAL CARLOS A. SANCHEZ, JASON E. ELMORE, DONALD C. WOLD, 
Department of Physics and Astronomy, University of Arkansas at Little Rock, 2801 S. 
University Avenue, Little Rock, AR 72204 

A scintillating optical fiber calorimeter (SOFCAL) is being developed by NASA/Marshall 
Space Flight Center for use in balloon-borne experiments to study the spectrum of 
high-energy cosmic rays and gamma rays. SOFCAL will not saturate for long 
exposures and the calorimeter will be helpful for the study of primary cosmic-ray 
nuclei energies from 1 00 GeV to 1 ,000 TeV. For a given incident particle and energy, 
computer simulations of electromagnetic cascades allow computation of energy 
deposited in different regions of the calorimeter. The event generator FRITIOF was 
used to model nucleus-nucleus collisions encountered in the cosmic ray detector. The 
measurements of charged particles in the emulsions are related to the primary energy 
and particles produced in the collision. For incident gamma-ray energies determined 
by different nucleus-nucleus interactions, the energy deposited in each layer of fibers 
was computed. The Monte Carlo program CEANT was used to model SOFCAL 
response to gamma rays and compute the measure of energy deposition (IE,) 
corresponding to different nucleus-nucleus interactions in the calorimeter. Funding 
was provided by the NASA/University Joint Venture (JOVE) Program. 
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USINC GEANT TO M006L CALORIMETER RESPONSE FOR ELECTROMAGNETIC 
CASCADES FROM NUCLEUS-NUCLEUS INTERACTIONS IN A COSMIC RAY DETECTOR 

KAZUHIKQ MURAL CARLOS A. SANCHEZ. JASON E. ELMORE. DONALD C. WOLD. 
Department of Physics and Astronomy, University of Arkansas at Little Rock, 2801 S. 
University Avenue, Little Rock, AR 72204 

A scintillating optical fiber calorimeter (SOFCAL) is being developed by NASA/Marshall 
Space Flight Canter for use in balloon-borne experiments to study the spectrum of 
high-energy cosmic rays and gamma rays. SOFCAL will not saturate for long 
exposures and the calorimeter will be helpful for the study of primary cosmic-ray 
nuclei energies from 1 00 GeV to 1 ,000 TeV. For a given incident particle and energy, 
computer simulations of electromagnetic cascades allow computation of energy 
deposited in different regions of the calorimeter. The event generator FRITIOF was 
used to model nucleus-nucleus collisions encountered in the cosmic ray detector. 

The measurements of charged particles in the emulsions are related to the primar/ 
energy and particles produced in the collision. For incident gamma-ray energies 
determined by different nucleus-nucleus interactions, the energy deposited in each 
layer of fibers was computed. The Monte Carlo program CE4NT was used to mode! 
SOFCAL response to gamma rays and compute the measure of energy deposition 
(I£,) corresponding to different nucleus-nucleus interactions in the calorimeter. 
Funding was provided by the NASA/University Joint Venture (JOVE) Program. 


USING FRITIOF TO MOOEL NUCLEUS-NUCLEUS INTERACTIONS IN A COSMIC RAY 
OETECTOR 

CARLOS A. SANCHEZ . KAZUHIKO MURAI. JASON E. ELMORE. DONALD C. WOLD, 
Department of Physics and Astronomy, University of Arkansas at Little Rock, 2801 S. 
University Avenue. Little Rock, AR 72204 

A long term goal is to study the spectrum of high-energy cosmic rays. Balloon-borne 
emulsion chambers are used to detect these particles in high energy nucleus-nucleus 
interactions. The detectors have ’target sections’ and ’calorimeter sections’ for 
measurements of produced charged particles and gamma-rays, respectively. 
Identification of the primary particles striking the target section of the emulsion 
chamber is very important. The target section includes many layers of nuclear 
emulsion plates to measure the charge of the incident particle and the emission 
angles of the produced charged particles. The calorimeter includes layers of nuclear 
emulsion and x-ray film to measure the electron distributions from the electro- 
magnetic cascades initiated by gamma-rays from pi-zero decay. The event generator 
FRITIOF was used to model nucleus-nucleus collisions encountered in the cosmic ray 
detector. The measurements of charged particles in the emulsions are related to the 
primary energy and particles produced in the collision. The Monte Carlo program 
GEANT was used to model calorimeter response for electromagnetic cascades, 
resulting from the nucleus-nucleus interactions. Representative primary heavy ion 
and energy spectra will be presented up to 10 s GeV/nucleon. Funding for this 
project was provided by the NASA/University Joint Vencure (JOVE) Program. 
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A long term goal is to study the spectrum of high-energy cosmic rays. Balloon-borne 
emulsion chambers are used to detect these particles in high energy nucleus-nucleus 
interactions. The detectors have "target sections” and "calorimeter sections" for 
measurements of produced charged particles and gamma-rays, respectively. 
Identification of the primary particles striking the target section of the emulsion 
chamber is very important. The target section includes many layers of nuclear 
emulsion plates to measure the charge of the incident particle and the emission 
angles of the produced charged particles. The calorimeter includes layers of nuclear 
emulsion and x-ray film to measure the electron distributions from the electro- 
magnetic cascades initiated by gamma-rays from pi-zero decay. The event generator 
FRITIOF was used to model nucleus-nucleus collisions encountered in the cosmic ray 
detector. The measurements of charged particles in the emulsions are related to the 
primary energy and particles produced in the collision. The Monte Carlo program 
CEANT was used to model calorimeter response for electromagnetic cascades, 
resulting from the nucleus-nucleus interactions. Representative primary heavy ion 
and energy spectra will be presented up to 1 0 s CeV/nucleon. Funding for this project 
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USING GEANT TO MOOEl CALORIMETER RESPONSE FOR ELECTROMAGNETIC 
CASCADES FROM NUCLEUS-NUCLEUS INTERACTIONS IN A COSMIC RAY DETECTOR 

KAZUHIKO MURAL CARLOS A. SANCHEZ, JASON E. ELMORE. DONALD C. WOLD, 
Department of Physics and Astronomy, University of Arkansas at Little Rock, 2801 S. 
University Avenue, Little Rock, AR 72204 

A scintillating optical fiber calorimeter (SOFCAL) is being developed by NASA/Marshall 
Space Flight Center for use in balloon-borne experiments to study the spectrum of 
high-energy cosmic rays and gamma rays. SOFCAL will not saturate for long 
exposures and the calorimeter will be helpful for the study of primary cosmic-ray 
nuclei energies from 1 00 GeV to 1 ,000 TeV. For a given incident particle and energy, 
computer simulations of electromagnetic cascades allow computation of energy 
deposited in different regions of the calorimecer. The event generator FRITIOF was 
used to model nucleus-nucleus collisions encountered in the cosmic ray detector. 

The measurements of charged particles in the emulsions are related to the prim ary 
energy and particles produced in the collision. For incident gamma-ray energies 
determined by different nucleus-nucleus interactions, the energy deposited in each 
layer of fibers was computed. The Monte Carlo program GEANT was used to model 
SOFCAL response to gamma rays and compute the measure of energy deposition 
(!£,) corresponding to different nucleus-nucleus interactions in the calorimeter. 
Funding was provided by the NASA/University Joint Venture QOVE) Program. 


USING FRITIOF TO MOOEL NUCLEUS-NUCLEUS INTERACTIONS IN A COSMIC RAY 
OETECTOR 

CARLOS A. SANCHEZ . KAZUHIKO MURAI, JASON E. ELMORE. DONALD C. WOLD, 
Department of Physics and Astronomy, University of Arkansas at Little Rock, 2301 S. 
University Avenue, Little Rock, AR 72204 

A long term goal is to study the spectrum of high-energy cosmic rays. 8aiIoon-borne 
emulsion chambers are used to detect these particles in high energy nucleus-nucleus 
interactions. The detectors have "target sections" and "calorimeter sections" for 
measurements of produced charged particles and gamma-rays, respectively. 
Identification of the primary particles striking the target section of the emulsion 
chamber is very important. The target section includes many layers of nuclear 
emulsion plates to measure the charge of the incident particle and the emission 
angles of the produced charged particles. The calorimeter includes layers of nuclear 
emulsion and x-ray film to measure the electron distributions from the electro- 
magnetic cascades initiated by gamma-rays from pi-zero decay. The event generator 
FRITIOF was used to model nucleus-nucleus collisions encountered in the cosmic ray 
detector. The measurements of charged particles in the emulsions are related to the 
primary energy and particles produced in the collision. The Monte Carlo program 
GEANT was used to model calorimeter response for electromagnetic cascades, 
resulting from the nucleus-nucleus interactions. Representative primary heavy ion 
and energy spectra will be presented up to 1 0 s GeV/nucleon. Funding for this 
project was provided by the NASA/University Joint Venture QOVE) Program. 
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PHYSICS/ASTRONOMY 

P E T?5T n t OF magnetic MONOPOLES USINC SQUID-BASED MACNETOMETERS 

M lg u d Hurado . fr ., Sponsored by Dr. Joseph L JCirschvink, Department of Geological and 22° * 
Planetary Sciences, California Institute of Technology, Pasadena, California 91125 3:20 pm 

A useful property of magnetic monopoles is their quantized magnetic flux which can take SE 210 
on integer multiples of twice the flux quantum of superconductivity, 2<t> 0 (<t*> - 2i)2xl0-7 C <m2). 

This coincidence, along with the phenomenon of flux exclusion from a superconducting loop, make 
lupercond uctors ideal for use in monopole detectors. Using the superconducting magnetometers in 
Pai€Ctna 5 netic3 Bio magnetics Laboratory and their ultra -sensitive SQuID 
electronics as detectors, a magnetic monopole search was conducted. The computer-controlled 
search was done nightly for one month using both magnetometers in the laboratory. The computer 
program l ooked ^ for the unique step function signal expected from a monopole passing through the 
magnetometers Heimholtz-geometry pickup loops. The expected magnitude of the step relative bo the 
background magnetic 'noise' ranged between 1^57x10-^0 A on* and 2.178x107 Am2, depending on 
which magnetometer and axis, x or z, the monopole passed through. While numerous candidate 
monopole events were detected, all of them appear to have been tnggered bv noise and imperfect 
electronics. No magnetic monopoles were detected to date. 


USINC FRJTIOF TO MCOEL NUCLEUS-NUCLEUS fNTEjUCTCNS IN A COSMIC KAT Otl tC I OK 2292 

Cjftos a sancV- Jason E. Elmore (Donald C Woldl. Oeoartmenc of Physics and Astronomy. University of 
Arkansas at Little Rock. little Rock. AR 7220 -* ' 3:40 pm 

A long term goal is to study the Jbectrum of higfi-energy cosmic rays. Balloon-borne emulsion chambers SE 21 0 
are used to detect these particles in high energy nucleus-nucleus interactions. The detectors have 'target 
sections' and 'calorimeter sections' for measurements of produced charged particles and gamma-rays, 
respectively. Identification of the primary particles striking the target section of the emulsion chamber Is very 
important. The target section includes many layers of nuclear emulsion places to measure the charge of the 
incident particle and the emission angles of the produced charged particles. The calorimeter Includes layers 
of nuclear emulsion and x-ray film to measure the electron distributions from the electromagnetic cascades 
Initiated by gamma-rays from pi-zero decay. The event generator FRITICF was used to model nucleus-nucleus 
collisions encountered In the cosmic ray detector. The measurements of charged particles In the emulsions 
are related to the primary energy and particles produced In the collision. A scintillating optical fiber 
Calorimeter COFCAU Is being developed for use in emulsion chambers. The Monte Carlo program CEANT 
was used to model SOFCAL response for electromagnetic cascades, resulting from the nucleus-nucleus 
Interactions. Representative primary heavy Ion and energy spectra will be presented up to I <7* CeV/nudeon 

Funding for this project was provided by the NASA/Umversity Joint Venture QOVQ Program. 


THE INFLUENCE OF A NEAR-SOLAR CORONAL DUST-FREE ZONE 
Van M. Savag e and (R. M. MacQueen) Department of Physics, 

Rhodes College, Memphis, TN, 38112 

Interplanetary dust is believed to spiral slowly toward the sun under the influence 
of Poynting-Roberston drag, and ultimately to vaporize under intense- insolation, creating a 
"dust-free" zone near the sun. The observational signature of such a zone is subtle, 
particularly in the visible wavelength region of the spectrum, where light scattered by 
the near-solar dust dominates any thermal emission signature. We have calculated the 
effects such a dust-free zone would have on the solar F-coronaL brightness, under conditions 
of various materials comprising the interplanetary dust population, differing sizes of 
zones, and differing wavelengths. These calculations will be compared to current models of 
the solar F-corona, and the observational implications explored. 


2293 
4:00 pm 
SE 210 


LASER ENHANCEMENT OF DIFFUSION PROCESSES IN IO N-IMPL ANTED ' -'2294 
SILICON feu! M. Bairns, Royal G. Albridge, Alan V. Barnes, Mark T. Graham, 4:20 pm 
James T. McKinley, Qnn Yan, (Norman H. ToIk),.Center for Molecular and Atomic SE 210 
Studies at Surfaces, Department of Physics and Astronomy, Vanderbilt University 
Nashville, TN 37235 

High power peak lasers offer unique opportunities for wavelength-selective 
materials alteration. Ion-implanted silicon samples were prepared with several ion 
species to study impurity-specific laser-enhanced diffusion. A free-electron laser 
tunable in the 1 to 10 Jim range was used to irradiate the samples. To verify diffusion, 
atomic force microscopy, raman, and SIMS measurements were taken. .. .. 
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Arkansas Academy Of Science 
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Physics. Mathematics and Geology Paper Session Continued 


Location: Math/Science Building Room 204 


* Undergraduate ** Graduate 


Chairperson: Dr. Edwin S. Braithwaite, Cedajville College, Cedaiville, Ohio 
Time Topic 

m / * 

.10:00" * Danny R. Crawford. G. Douglas Mauldin, Charles W. Ford, Jr. and W. J. 

Braithwaite, University of Arkansas at Little Rock, 2801 S. University Ave., Little 
Rock, AR 72204. INSTALLATION 4 ADMINISTRATION OF A LINUX 
NETWORK FOR SCIENTIFIC COMPUTING NEEDS AT THE UNIVERSITY OF 
ARKANSAS AT LITTLE ROCK 


10:15 * A. Kevin Nance. DepL of Earth Sciences, Univ. of Arkansas at Little Rock, 

Little Rock, AR; Ian Richards, DepL of Geological Sciences, Southern Methodist 
Univ., Dallas, TX; Jeffrey B. Connelly, DepL of Earth Sciences, Univ. of 
Arkansas at Little Rock, Little Rock, AR. OXYGEN ISOTOPIC COMPOSITION 
OF UNUSUAL QUARTZ VEINS: IMPLICATIONS FOR ORIGIN OF THE 
\ MINERALIZING FLUIDS . .-v- " - I 

10:30 * Trevis A. Crane and Donald C. Wold, Department of Physics and Astronomy, 

University of Arkansas at Little Rock, 2801 S. University Ave, Little Rock, AR 
72204. SURVEY OF HIGH ENERGY COSMIC-RAY OBSERVATORIES 


10:45 




11:00 - . 



* Amber D. Climer . Univ. of Arkansas at Little Rock and Lawrence Berkeley 
National Laboratory, lwona M. Sakrejda, Lawrence Berkeley National 
Laboratory, MATH/SCIENCE BUILDING ROOM 70A-3307, Berkeley, CA 94720 - - - 

and W.J. Braithwaite, Univ. of Arkansas, Little Rock, AR 72204. AN * 


ACCEPTANCE AND EFFICIENCY STUDY FOR DETECTION OF K* AND K* 
WITHIN THE TIME PROJECTION CHAMBER OF THE SOLENOIDAL v <• v 
TRACKING INSTRUMENT, FOR USE AT THE RELATIVISTIC HEAVY ION 
• COLLIDER V - .. 



* Christine A. Bvrd and W. J. Braithwaite, Department of Physics and Astronomy, 
University of Arkansas at Little Rock, 2801 S. University Ave., Little Rock, AR -■ 
72204. MEASURING STRANGENESS PRODUCTION FROM RELATIVISTIC 
COLLISIONS BETWEEN PAIRS OF NUCLEI USING A VERTEX 
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Arkansas Academy Of Science 
Saturday, April 1 3, 1 996 

Paper Sessions 


I oration: Math/Srience Building Room 204 * Undergraduate - Graduate 

Chairperson: Dr. W. J. Braithwaite, University of Arkansas at Little Rock, Little Rock, Arkansas 


Urns 


Topic 


Tech University, Russellville, Arkansas 72801. WAVE PROFILE FOR 
PROFORCE CURRENT BEARING WAVES 


Astronomy, University of Central Arkansas, Conway, AR 72035. THE STUDY 
OF METEORITES USING X-RAY FLUORESCENCE 

g-QO Fdwin S. Braithwaite. Science and Mathematics, CedarviHe College, Cedarville, 

OH 4531 4, and Wilfred J. Braithwaite, Department of Physics and Astronomy, 

University of Arkansas at Little Rock, 2801 South University Avenue, Little Rock, 

AR 72204. ELIMINATION OF SYSTEMATIC SUMMING ERRORS FOUND IN 
UNEAR AND NON-LJNEAR OPTIMIZATION OF BINOMIAL & POISSON - 
DISTRIBUTED DATA 

g ; i 5 * Sue Ellen McCloskev^Jeffetv E. Clavtorfc and W. J. Braithwaite, Department of 

Physic and Astronomy, University of Arkansas, 2801 So. Univ. Ave., Little 
Rock, AR 72204. ESTIMATING MILKY-WAY DARK MATTER: ITS AMOUNT 
AND DISTRIBUTION 

' g.go * Michael LaCour. Trevis A. Crane, a^ d Donald C. Department of Physics !' 

and Astronomy, University of Arkansas at Little Rock, Little Rock, AR 72204. • 

- j. : SURVEY OF GAMMA-RAY ASTRONOMY TELESCOPES y. ? ■ ■ 
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Abstract Submitted 
for the 1996 Spring Meeting of the 
Arkansas Academy of Science 
80th Annual Meeting, April 12-13, 1996 
Westark Community College, Fort Smith, AR 72913-3649 


SURVEY OF HIGH ENERGY COSMIC-RAY OBSERVATORIES 

Trevis A. Crane and Donald C. Wold, Department of Physics and Astronomy, 
University of Arkansas at Little Rock, 2801 S. University Ave, Little Rock, AR 72204 

Efforts to advance our understanding of the origin of cosmic rays and the 
astrophysical processes that create and accelerate them involve many scientists and 
observatories world wide. One goal is to extend present measurements to lower 
energy and to greater levels of sensitivity in order to study the variety of galactic and 
extragalactic sources that are being discovered at lower energies with detectors on 
the NASA Compton Gamma-Ray Observatory. A survey of cosmic-ray 
observatories was prepared for scientists and others to provide a resource and 
reference which describes high energy cosmic-ray research activities around the 
world. This summary presents information about each research group, such as 
names of principal investigators, number of persons in the collaboration, energy 
range, sensitivity, angular resolution, and surface area of detector. Similar 
information for those observatories soon to be operational will be presented. The 
cosmic-ray observatories included in the summary are Arobic, AMANDA, C ASA- 
MIA, Celeste, Fly's Eye, MILAGRO, HEGRA, KASCADE, LVD, Whipple 
Observatory, MACRO,. EAS-TOP, Tibetan Air Shower Array, AGASA, SolarTI, 
SPASE2 and VULCAN. Funding for this project was provided by the Arkansas 
Space Grant Consortium. 


Name and Address for Correspondence: 

Professor Donald C. Wold 
Department of Physics and Astronomy 
University of Arkansas at Little Rock 
2801 S. University Avenue 
Little Rock, Arkansas 72204 

Phone:(501) 569-8962 Fax: (501) 569-3314 

Preferred Section: Cosmic ray physics or high energy physics 
Projection Equipment: Overhead projector 
Paper is to be considered for an undergraduate student award: 
Undergraduate Student - Physical Science 
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THE POTENTIAL USE OF SMALL PROTEINASE INHIBITORS IN THE REGULATION 
OF BLOOD PRESSURE. 


Sidpey Wayne Collin? and Rose McConnell. Division of Mathematics & Sciences, 
University of Arkansas at Monticello, Monticello, Arkansas 71656. 

The proteolytic enzymes renin and kallikrein play important roles in the regulation of 
blood pressure. Renin is involved in the production of angiotensin II, a vasoconstricting 
peptide. And kallikrein catalyzes the formation of vasodilating peptides called kinins. The 
relative amounts of angiotensin II and the kinins found in the blood determine the overall 
_ blood pressure. Therefore, the development of small inhibitors of both renin and 
kallikrein, as a means of regulating blood pressure, is warranted. This approach will be 
discussed and compared to current blood pressure regulating agents. 


SURVEY OF HIGH ENERGY COSMIC-RAY OBSERVATORIES 

* Iwvjs A, Crane and Donald C. Wold, Department of Physics and Astronomy, 

University of Arkansas at Little Rock, 2801 S. University Ave, Little Rock, AR 72204 

Efforts to advance our understanding of the origin of cosmic rays and the astrophysics! 
processes that create and accelerate them involve many scientists and observatories 
world wide. One goal is to extend present measurements to lower energy and to greater 
levels of sensitivity in order to study the variety of galactic and extragalactic sources that 
are being discovered at lower energies with detectors on the NASA Compton 
Gamma-Ray Observatory. A survey of cosmic-ray observatories was prepared for 
scientists and others to provide a resource and reference which describes high energy 
cosmic-ray research activities around the world. This summary presents information 
about each research group, such as names of principal investigators, number of persons 
in the collaboration, energy range, sensitivity, angular resolution, and surface area of 
detector. Similar information for those observatories soon to be operational will be 
presented. The cosmic-ray observatories included in the summary are Arabic, AMANDA, 
CASAMIA, Celeste, Fly's Eye, MILAGRO, HEGRA, KASCADE, LVD, Whipple 
Observatory, MACRO,. EAS-TOP, Tibetan Air Shower Array, AGASA, Soiar-ll, SPASE2 
and WLCAN. 
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Abstract Submitted 
for the 1996 Spring Meeting of the 
Arkansas Academy of Science 
80th Annual Meeting, April 12-13, 1996 
Westark Community College, Fort Smith, AR 72913-3649 


SURVEY OF GAMMA-RAY ASTRONOMY TELESCOPES 

Michael LaCour. Trevis A. Crane, and Donald C. Wold, Department of Physics and 
Astronomy, University of Arkansas at Little Rock, Little Rock, AR 72204 

The diffuse gamma-radiation component in our galaxy, which originates from 
interactions of cosmic rays with interstellar gas and photons, provides important 
information about the density, distribution, and spectrum of the cosmic rays that 
pervade the interstellar medium. This survey of gamma-ray telescopes was prepared 
for scientists and others to provide a resource and reference which describes gamma- 
ray telescopes for investigating galactic diffuse gamma-ray flux currently observed at 
energies up to around 20 GeV, but is expected to extend into the TeV range. The 
study includes a summary of the characteristics of detectors for low energy gamma 
rays as observed in the NASA Compton Gamma Ray Observatory to detectors for 
higher energy gamma rays. Information about each research group, such as names 
of principal investigators, number of persons in the collaboration, and characteristics 
of the experiments, is presented. These features include energy range, sensitivity, 
angular resolution, and surface area of detector. Similar information for proposed 
telescopes will be presented. The gamma-ray telescopes included in this survey are 
BATSE, COMPTEL, EGRET, OSSE, MILAGRO, Arecibo, GLAST, and AGATE. 
Funding for this project was provided by the Arkansas Space Grant Consortium. 
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INTESTINAL HELMINTHS OF BEAVERS FROM SOUTHWEST ARKANSAS 


3 Micheal Knox ' Herbert M. Matthews, and Mark Clartf, Biology Department, 
Henderson State University, ’ and Ross Foundation, 2 Arkadelphia, AR. 

Few studies of the gastrointestinal fauna of beavers. Castor canadensis, have been 
reported from their southern range. Beavers trapped in Clark and Ouachita counties in 
southwest Arkansas were necropsied by first separating the stomach, cecum, smaJ! 
intestine, and large intestine; then opening each with a longitudinal incision. Lumen 
contents were washed with saline and examined with a 3x magnifying lens. Helminths 
were fixed in alcohol-form alin-acetic add (AFA) solution, and stored in 70% ethanol. No 
worms were found in the stomach. Sdchorcbis subtriquetrus, a trematode, was found in 
the other regions of all animals (prevalence =■ 100%) and was the oniy worm detected. 
The intensity, or range, of infection was 25 to 342 worms per beaver. Worms were found 
in both the cecum and large intestines of 67% of the animals, but not in the small 
intestine. Only 20% of the animals had significant numbers of worms in the small 
intestine and these were much smaller than worms elsewhere. The abundance, mean 
number of worms per animal, was 136+/-1 13 (SD). Arkansas beavers have parasitic 
worm infestations more similar to animals from southern Texas and Louisiana than from 
animals examined from their northern range. 


SURVEY OF GAMMA-RAY ASTRONOMY TELESCOPES 

* Michael LaCour. Trevis A. Crane, and Donald C. Wold, Department of Physics and 
Astronomy, University of Arkansas at Little Rock, Little Rock, AR 72204 

The diffuse gamma-radiation component in our galaxy, which originates from interactions 
of cosmic rays with interstellar gas and photons, provides important information about the 
density, distribution, and spectrum of the cosmic rays that pervade the interstellar 
medium. This survey of gamma-ray telescopes was prepared for scientists and others to 
provide a resource and reference which describes gamma-ray telescopes for 
investigating galactic diffuse gamma-ray flux currently observed at energies up to around 
20 GeV, but is expected to extend into the TeV range. The study indudes a summary of 
the characteristics of detectors for low energy gamma rays as observed in the NASA 
Compton Gamma Ray Observatory to detectors for higher energy gamma rays. 
Information about each research group, such as names of prinapal investigators, number 
of persons in the collaboration, and characteristics of the experiments, is presented. 
These features indude energy range, sensitivity, angular resolution, and surface area of 
detector. Similar information for proposed telescopes will be presented. The gamma-ray 
telescopes induded in this survey are BATSE, COMPTEL, EGRET, OSSE, MILAGRO, 
Aredbo, GLAST, and AGATE. 
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Survey of High Energy Cosmic-Ray Observatories 
T. A. Crane and D. C. Wold 

Department of Physics and Astronomy, University of Arkansas at Little Rock, 2801 
S. University Avenue, Little Rock, AR 72204 


Efforts to advance our understanding of the origin of cosmic rays and the 
astrophysical processes that create and accelerate them involve many scientists 
and observatories world wide. One goal is to extend present measurements to 
lower energy and to greater levels of sensitivity in order to study the variety of 
galactic and extragalactic sources that are being discovered at lower energies with 
detectors on the NASA Compton Gamma-Ray Observatory. A survey of cosmic- 
ray observatories was prepared for scientists and others to provide a resource and 
reference which describes high energy cosmic-ray research activities around the 
world. This summary presents information about each research group, such as 
names of principal investigators, number of persons in the collaboration, energy 
range, sensitivity, angular resolution, and surface area of detector. Similar 
information for those observatories soon to be operational will be presented. The 
cosmic-ray observatories included in the summary are Arobic, AMANDA, CASA- 
MIA, Celeste, Fly's Eye, MILAGRO, HEGRA, KASCADE, LVD, Whipple 
Observatory, MACRO, EAS-TOP, Tibetan Air Shower Array, AGASA, Solar-II, 
SPASE2 and VULCAN. Funding for this project was provided by the Arkansas 
Space Grant Consortium. 
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Astrophysics Experiments with the Compton GRO and MILAGRO 

Donald C. Wold 

Department of Physics and Astronomy, University of Arkansas at Little Rock, 

2801 S. University Avenue, AR 72204 

The diffuse gamma-radiation component in our galaxy, which originates from 
interactions of cosmic rays with interstellar gas and photons, provides important 
information about the density, distribution, and spectrum of the cosmic rays that 
pervade the interstellar medium. This survey of gamma-rav telescopes was prepared 
to provide a resource and reference which describes gamma-rav telescopes for 
investigating galactic diffuse gamma-rav flux currently observed at energies up to 
around 20 GeV, but is expected to extend into the TeV range. The study includes a 
summary of the characteristics of detectors for low energy gamma rays as observed in 
the NASA Compton Gamma Ray Observatory to detectors for higher energy gamma 
rays. MILAGRO is a water-Cherenkov detector for observing gamma rays over a broad 
energy range from about 1 to 1,000 TeV. With this cosmic-ray observatory, previously 
observed celestial sources will be observed at their known emission energies and these 
observations will be extended into a new energy regime and search for new sources at 
unexplored energies. Two undergraduate students are compiling information about 
gamma-rav telescopes and high energy cosmic-rav observatories. Funding for this 
project was provided by the Arkansas Space Grant Consortium. 
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Arkansas Space Grant Consortium 


^ APb • Harding U * ^ 


1 February 1993 
NL-3011G 


Dr. Don Wold 

Department of Physics & Astronomy 
University of Arkansas at Little Rock 
Little Rock, Arkansas 72204 

Dear Dr. Wold: 

On behalf of the Planning Committee of the Arkansas Space 
Grant Consortium, it is my pleasure to inform you of the 
approval of your ASGC Outreach Program application: 

Cosmic Ray Studies at NASA Marshall Space Flight Center. 

The amount of the grant is $ 950, as you requested. That 
amount reflects the Planning Committee's approval of your 
additional request of $ 200. These funds are to be expended 
under UALR Account No. 43-60-50 in accordance with the budget 
in your proposal . Should you have reason to wish to spend 
funds in some other manner, please contact me (569-8212) 
before doing so. 

Purchase orders should be approved by me. Your expenditure of 
these funds should follow the enclosed Guidelines. Should 
you have questions concerning the billing process, please 
discuss them with me. 

This grant is valid through 30 June 1993. 

Again, congratulations on your award. NASA and the Arkansas 
Space Grant Consortium look forward to your ASGC Outreach 
accomplishments . 



Ms. Linda Burnett, Grants Account ing/UALR 
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Application for an ASGC Outreach Grant 

Tear One 

Arkansas Space Grant Consortium 

( Please Type ) 


Outreach Project Title: 


Date: 1/ 7 / 93 


Cosmic Ray Studies at NASA Marshall Space Flight Center 


City 


Institution: 


Street/Box No. 


University of Arkansas Physics & Astronomy 
at Little Rock 2801 S. University Avenue Little Rock 


rar.es of Faculty Involved: | ..Title: | Department: 


1. Dr. Donald C. Mold Professor | Physics & Astronomy 


2. 


72204 




Principal Investigator's Telephone Ho.: ( 501 ) - 569 - 8962 


:es of Students Involved: | Standing! Major: 


l.Mr. Edward D. Bearden | Senior |Physics 


r. Russell Gillum . BS 1/93 | Physics 


3. Mr. Zibin Yane 


Math 


CGP 


12.49 


3.41 



Abstract of Project: 


During Fall 1992, four students at UALR began studying cosmic rays. 
They have been using a Monte Carlo program to simulate the interaction of 
these particles in a new NASA detector. Therefore, it is proposed to visit the 
Gamma and Cosmic Ray Branch at NASA Marshall Space Right Center. 
Dr. Tom Parnell, Branch Chief, will be our host. On the second day we will 
visit the Huntsville Space and Rocket Center. 

The students will spend one day at the Space Sciences Laboratory and 
see cosmic ray detectors. MSFC has an excellent nuclear emulsion processing 
laboratory. They will have the opportunity to visit with some NASA staff 
scientists and see data being acquired from a detector on the orbiting NASA 
Compton Gamma Ray Observatory. 

Travel will be Thursday, January 28 through Saturday, January 30, 1993. 


Summary of Funds Requested for This Outreach Grant: 


1. Travel (mileage, etc.) ...... 

s 750.00 

2. Equipment (State Funds).. 


3. Materials 

S - .. ... 

4 . 

$ 

10-12-92 


Total 


750.00 

Outrecht .pub 
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7 February 1994 
NL-4 0 10b 


Dr. Don Wold 

Department of Physics & Astronomy 
University of Arkansas at Little Rock 
Little Rock, Arkansas 72204 

Dear Dr. Wold: 

On behalf of the Planning Committee of the Arkansas Space 
Grant Consortium, it is my pleasure to inform you of the 
approval of your ASGC Guest Lecturer Program application: 

Lectures on Results from BATSE in the Gamma Ray Observatory. 

The amount of the grant is $ 765, as you requested. These 
funds are to be expended under UALR Account No. 43-60-40 in 
accordance with the budget in your proposal. Should you have 
reason to wish to spend funds in some other manner, please 
contact me (569-3212) before doing so. 

Purchase orders should be approved by me. Your expenditure 
of these funds should follow the enclosed Guidelines. Should 
you have questions concerning the billing process, please 
discuss them with me first. 

This grant is valid through 28 February 1995. 

Again, congratulations on your award. NASA and the Arkansas 
Space Grant Consortium look forward to the success of your 
ASGC Guest Lecturer Grant. 



> > > Arkansas Space Grant Consortium Program Office > > > 

UALR Graduate Institute of Technology ♦ 280 1 So. University Ave. ♦ Little Rock, AR 72204-1099 * (501) 569-8212 




May 2, 1 994 Geoffrey N. Pendleton 

Application for an ASGC Guest Lecturer Grant 

Year Three 

Arkansas Space Grant Consortium 


ASGCPEND.DOC 


Outreach Project Title: 


Lectures on Results from BATSE in the Gamma Ray Observatory 


Date: 05/02/94 


Institution: 


UALR 


Street/Box No. 


2801 S. University Avenue 


City- 


Little Rock, AR 


Department: 


Physics and Astronomy 


Zip 


7220 

4 


SSN 



Names of Faculty Involved: Title: 


1. Donald C. Wold. Professor 


2. See below. 


3. 


Principal Investigator’s Telephone No.: (501) 569-8962 


Abstract of Project: | 

The funding of a seminar speaker is proposed. The speaker is Dr. Geoffrey N. Pendleton, 
Research Associate in the Department of Physics at the University of Alabama at Huntsville, 
Huntsville, Alabama. Dr. Pendleton was awarded NASA contract NAS8-38609 in 1992. He is a 
member of the Burst and Transient Source Experiment (BATSE) group at NASA/George C. 

Marshall Space Flight Center. The BATSE gamma ray detector is part of NASA’s Compton Gamma 
Ray Observatory. He will speak on "The Gamma Ray Sky Observed by the Burst and Transient 
Source Experiment (BATSE)". For the less technical audiences, the title of his talk is: The Mystery 
of Gamma-Ray Bursts". Presentations are planned at the University of Arkansas at Little Rock 
and Arkansas State University on February 8 and 9, 1994, respectively. Hosts will be Professor 
Donald C. Wold of the Department of Physics and Astronomy, UALR, Professor Andrew Sustich, 
Department of Physics, ASU. Support is requested for travel by car, local transportation, hotel 
costs, meals, and honorarium. 

Dr. Pendleton will speak on current observations of NASA's Compton Gamma Ray 
Observatory. Dr. Pendleton has agreed to arrive on Tuesday, February 8, 1994, to present a 
public seminar in the afternoon at 4:15 p.m., to leave Little Rock on Wednesday morning, 
February 9, to go to Arkansas State University, and to present a public seminar at 3:00 p.m. He 
will depart back to Huntsville late in the afternoon or evening, but may prefer to stay overnight 
in Memphis. The lecture at UALR will be more specialized, but both presentations are open to the 
general public. Facility and students of all institutions making up the Arkansas Space Grant 
Consortium are invited to participate. Drs. Sustich and Wold will schedule individual conference 
with those consortium members who wish private interviews with Dr. Pendleton. The support of 
the Arkansas Space Grant Consortium will be acknowledged in the public announcements. 


Summary of Funds Requested for This Outreach Grant: 


1 . Travel (mileage, etc.) 

S190 

2. Equipment (State Funds) 

SO 

3. Materials 

SO 

4. Hotels 

S225 



5. 

Meals 

S100 

6. 

Honorarium 

S250 

7. 


SO 


Total 

$765 


Schedules are not firmly set at the present time, so hotel and meal costs are estimated for the 
longest possible period. 
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PHYSICS SEMINAR 

MYSTERY . 
of 

GAMMA RAY BURSTERS 

Dr. Geoffrey N. Pendleton 
Research Associate 
Department of Physics 
University of Alabama at Hunstville 

LSE 205 
4:00 P.M. 

Wednesday February 9 
Refreshments Immediately following 
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7 February 1994 
NL-4010C 


Dr. Don Wold 

Department of Physics & Astronomy 
University of Arkansas at Little Rock 
Little Rock, Arkansas 72204 

Dear Dr. Wold: 

On behalf of the Planning Committee of the Arkansas Space 
Grant Consortium, it is my pleasure to inform you of the 
approval of your ASGC Guest Lecturer Program application: 

Lectures on Results from EGRET in the Gamma Ray Observatory. 

The amount of the grant is $ 1,160, as you requested. These 
funds are to be expended under UALR Account No. 43-60-40 in 
accordance with the budget in your proposal. Should you have 
reason to wish to spend funds in some other manner, please 
contact me (569-8212) before doing so. 

Purchase orders should be approved by me. Your expenditure 
of these funds should follow the enclosed Guidelines. Should 
you have questions concerning the billing process, please 
discuss them with me first. 

This grant is valid through 28 February 1995. 

Again, congratulations on your award. NASA and the Arkansas 
Space Grant Consortium look forward to the success of your 
ASGC Guest Lecturer Grant. 


Sincerely yours, 



:op , Dr . Engr . 

Directdt, Arkansas Space Grant Cons^rt^um 
Copy: 

Ms. Linda Burnett .... Grants Account ing/UALR 


> > > Arkansas Space Grant Consortium Program Office > > > 

UALR Graduate Institute of Technology ♦ 2801 So. University Ave. ♦ Little Rock, AR 72204-1099 ♦ (501) 569-8212 



May 2, 1994 


Robert C. Hartman 


ASGCHART.DOC 


Application for an ASGC Guest Lecturer Grant 

Year Three 

Arkansas Space Grant Consortium 

Outreach Project Title: | | Date: 05/02/94 

Lectures on Results from EGRET in the Gamma Ray Observatory 

Institution: | Street/Box No. | Gty | Zi p 

UALR 2801 S. University Avenue Little Rock, AR 72204 

Names of Faculty Involved: Title: | Department: I SSN 



The funding of a seminar speaker is proposed. The ASGC guest lecturer is Dr. Robert C. 
Hartman, Astrophysicist, Laboratory for High Energy Astrophysics, NASA/Goddard Space Flight 
Center. He is Co-Investigator of the GRO/EGRET High-Energy G amm a Ray Telescope. The EGRET 
gamma ray detector is part of NASA's Compton Gamma Ray Observatory. He will speak on 


"Results from the EGRET Instrument in the Compton Gamma-Ray Observatory" Presentations are 
planned at the University of Arkansas at Little Rock and the University of Arkansas at Pine Bluff 
on March 29 and 30, 1994, respectively. His hosts will be Professor Donald C. Wold of the 
Department of Physics and Astronomy, UALR, and Professor Ebo Tei, Professor of Psychology, 
Department of Social and Behavorial Science, UAPB. Support is requested for airplane fares, local 
transportation, hotel costs, and meals. 

Dr. Hartman will speak on current observations of gamma rays with the EGRET instrument 
on NASA's Compton Gamma Ray Observatory. Dr. Hartman has agreed to arrive on Tuesday, 
March 29, 1994, to present a public seminar in the afternoon at 4:15 p.m., to leave Little Rock on 
Wednesday morning, March 30, to go to the University of Arkansas at Pine Bluff, and to present a 
public seminar at 10:00 a.m. He will depart back to the NASA/Goddard Space Flight Center, 
Greenbelt, Maryland, in the afternoon or evening. The lecture at UALR will be more specialized, 
but both presentations are open to the general public. Facility and students of all institutions 
making up the Arkansas Space Grant Consortium are invited to participate. Drs. Tei and Wold 
will schedule individual conference with those consortium members who wish private interviews 
with astrophysicist Dr. Robert C. Hartman. The support of the Arkansas Space Grant Consortium 
will be acknowledged in the public announcements. 


Summary of Funds Requested for This Outreach Grant: 


1 . Travel (mileage, etc.) 

S475 


5. Meals 

S50 

2. Equipment (State Funds) 

SO 


6. Honorarium 

SO 

3. Materials 

SO 


7. 

so 

4. Hotels 

S75 


Total 

S600 


Current air fares were obtained on the day this proposal was submitted. They do require an advance 
purchase of tickets to obtain these coach prices. Schedules are not firmly set at the present time, so hotel 
and meal costs are estimated for the longest possible period. 

























February 2, 1 994 


ASGCHART.DOC 


Application for an ASGC Guest Lecturer Grant 

Year Three 

Arkansas Space Grant Consortium 


Outreach Project Title: 


Lectures on Results from EGRET in the Gamma Ray Observatory 


Date: 02/02/94 


Institution: 


UALR 


Street/Box No. 


2801 S. University Avenue 


City 


Little Rock, AR 


Department: 


Physics and Astronomy 


Zip 


7220 

4 


SSN 


Names of Faculty Involved: I Title: 


1. Donald C. Wold. Professor 


2. See below. 


3. 


Principal Investigator's Telephone No.: (501) 569-8962 


Abstract of Project 

The funding of a seminar speaker is proposed. The ASGC guest lecturer is Dr. Robert C. 
Hartman, Astrophysicist, Laboratory for High Energy Astrophysics, NASA/Goddard Space Flight 
Center. He is Co-Investigator of the GRO/EGRET High-Energy Gamma Ray Telescope. The EGRET 
gamma ray detector is part of NASA's Compton Gamma Ray Observatory. He will speak on 
"Results from the EGRET Instrument in the Compton Gamma-Ray Observatory" Presentations are 
planned at the University of Arkansas at Little Rock and the University of Arkansas at Pine Bluff 
on March 29 and 30, 1994, respectively. His hosts will be Professor Donald C. Wold of the 
Department of Physics and Astronomy, UALR, and Professor Ebo Tei, Professor of Psychology, 
Department of Social and Behavorial Science, UAPB. Support is requested for airplane fares, local 
transportation, hotel costs, and meals. 

Dr. Hartman will speak on current observations of gamma rays with the EGRET instrument 
on NASA's Compton Gamma Ray Observatory. Dr. Hartman has agreed to arrive on Tuesday, 
March 29, 1994, to present a public seminar in the afternoon at 4:15 p.m., to leave Little Rock on 
Wednesday morning, March 30, to go to the University of Arkansas at Pine Bluff, and to present a 
public seminar at 1:00 p.m. He will depart back to the NASA/Goddard Space Flight Center, 
Grcenbelt, Maryland, in the afternoon or evening. The lecture at UALR will be more specialized, 
but both presentations are open to the general public. Faculty and students of all institutions 
making up the Arkansas Space Grant Consortium are invited to participate. Drs. Tei and Wold 
will schedule individual conference with those consortium members who wish private interviews 
with astrophysicist Dr. Robert C. Hartman. The support of the Arkansas Space Grant Consortium 
will be acknowledged in the public announcements. 


Summary of Funds Requested for This Outreach Grant: 


1 . 

Travel (mileage, etc.) 

S935 

2. 

Equipment (State Funds) 

SO 

3. 

Materials 

SO 

4. 

Hotels 

S150 



5. Meals 


6. Honorarium 


Total 


S75 


SO 


SO 


SI, 160 


Current air fares were obtained on the day this proposal was submitted. They do require an advance 
purchase of tickets to obtain these coach prices. Schedules arc not firmly set at the present time, so hotel 
and meal costs are estimated for the longest possible period. 


























UALR 


DEPARTMENT OF PHYSICS & ASTRONOMY SEMINAR 
Co-sponsored by the Arkansas Space Grant Consortium 

"Results from EGRET 

in the 

Gamma Ray 
Observatory" 

by 


Dr. Robert C. Hartman 

Laboratory for High Energy Astrophysics 
NASA/Goddard Space Flight Center 
Greenbelt, MD 

Tuesday, March 29, 1994 
Natural Science 101 


Refreshments @ 4:00 p.m. 
Seminar @ 4:15 p.m. 
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Arkansas Space Grant Consortium 

ASU • Harding U. • UAF ♦ UALR • UAMS • UAPB • UCA 
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7 February 1994 
NL-4010d 


Dr. Don Wold 

Department of Physics & Astronomy 
University of Arkansas at Little Rock 
Little Rock, Arkansas 72204 

Dear Dr. Wold: 

On behalf of the Planning Committee of the Arkansas Space 
Grant Consortium, it is my pleasure to inform you of the 
approval of your ASGC Guest Lecturer Program application: 

Lectures on Extending Gamma Ray 
Observations Beyond the GRO. 

The amount of the grant is $ 1,325, as you requested. These 
funds are to be expended under UALR Account No. 43-60-40 in 
accordance with the budget in your proposal. Should you have 
reason to wish to spend funds m some other manner, please 
contact me (569-8212) before doing so. 

Purchase orders should be approved by me. Your expenditure 
of these funds should follow the enclosed Guidelines. Should 
you have questions concerning the billing process, please 
discuss them with me first. 

This grant is valid through 28 February 1995. 

Again, congratulations on your award. NASA and the Arkansas 
Space Grant Consortium look forward to the success of your 
ASGC Guest Lecturer Grant. 



Copy: 

Ms . Linda Burnett .... Grants Accounting/UALR 


> > > Arkansas Space Grant Consortium Program Office > > > 

UALR Graduate Institute of Technology ♦ 2801 So. University Ave. ♦ Little Rock, AR 72204-1099 ♦ (501) 569-8212 




May 2, 1 994 


Jordan Goodman 


ASGCGOOD.DOC 


Application for an ASGC Guest Lecturer Grant 

Year Three 

Arkansas Space Grant Consortium 


Outreach Project Title: 


Date: 05/02/94 


Lectures on Extending Gamma Ray Observations Beyond the GRO 


Institution: 


UALR 


Street/Box No. 


2801 S. University Avenue 


City 


Little Rock, AR 


Department: 


Physics and Astronomy 


Zip 


7220 

4 


SSN 



Names of Faculty Involved: I Title: 


1. Donald C. Wold. Professor 


2. See below. 


3. 


Principal Investigator's Telephone No.: (501) 569-8962 


Abstract of Project: 

The funding of a seminar speaker is proposed. The speaker is Professor Jordan Goodman, 
Department of Physics, University of Maryland, College Park, Maryland. Professor Goodman is a 
member of the CYGNUS collaboration and the MILAGRO collaboration. These gamma ray 
detectors will provide coverage from low energy gamma rays currently detected with NASA’s 
Compton Gamma Ray Observatory to much higher energies. He will speak on "Particle 
Astrophysics - AGN’s, GRB’s, PBH's, etc.". Presentations are planned at the University of Arkansas 
at little Rock and University of Central Arkansas on March 8 and 9, 1994, respectively. Hosts will 
be Professor Donald C. Wold of the Department of Physics and Astronomy, UALR, and Professor 
Stephen R. Addison, Chair of Physics, UCA. Support is requested for airplane fares, local 
transportation, hotel costs, meals, and honorarium. 

Professor Goodman will speak on active galactic nuclei, gamma ray bursters, and 
primordial black holes as possible sources of gamma rays observed by NASA's Compton Gamma 
Ray Observatory. Professor Goodman has agreed to arrive on Tuesday, March 8, 1994, to present 
a public seminar in the afternoon at 4:15 p.m., to leave Little Rock on Wednesday morning, March 
9, to go to University of Central Arkansas, and to present a public se min ar at 1:00 p.m. He will 
depart back to the University of Maryland, College Park, in the afternoon or evening. The lecture 
at UALR will be more specialized, but both presentations are open to the general public. Faculty 
and students of all institutions making up the Arkansas Space Grant Consortium are invited to 
participate. Drs. Addison and Wold will schedule individual conference with those consortium 
members who wish private interviews with Professor Goodman. The support of the Arkansas 
Space Grant Consortium will be acknowledged in the public announcements. 


Summary of Funds Requested for This Outreach Grand 


1. 

Travel (mileage, etc.) 

S850 

2. 

Equipment (State Funds) 

SO 

3. 

Materials 

SO 

4. 

Hotels 

S150 



5. 

Meals 

S75 

6. 

Honorarium 

S250 


Total 


SO 


SI, 325 


Current air fares were obtained on the day this proposal was submitted. They do require an advance 
purchase of tickets to obtain these coach prices. Schedules are not firmly set at the present time, so hotel 
and meal costs are estimated for the longest possible period. 



























UALR 


DEPARTMENT OF PHYSICS & ASTRONOMY SEMINAR 
Co-sponsored by the Arkansas Space Grant Consortium 

"Particle Astrophysics - 
AGN's, GRB’s, PBH’s, etc." 

by 

Professor Jordan Goodman 

Department of Physics 
University of Maryland 
College Park, Maryland 


Tuesday, March 8, 1994 NS101 


Refreshments @ 4:00 p.m. 
Seminar @ 4:15 p.m. 




NASA 
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Arkansas Space Grant Consortium 

ASU • Harding U. ♦ UAF • UALR • UAMS * UAPB • UCA 
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18 March 1994 
NL-4010g 


Dr. Don Wold 

Department of Physics & Astronomy 
University of Arkansas at Little Rock 
Little Rock, Arkansas 72204 

Dear Dr. Wold: 

On behalf of the Planning Committee of the Arkansas Space 
Grant Consortium, it is my pleasure to inform you of the 
approval of your ASGC Guest Lecturer Program application: 

Lectures on Cosmic Ray Physics and Particle Astrophysics. 

The amount of the grant is $1,275, as you requested. These 
funds are to be expended under UALR Account No. 43-60-40 in 
accordance with the budget in your proposal. Should you have 
reason to wish to spend funds in some other manner, please 
contact me (569-8212) before doing so. 

Purchase orders should be approved by me. Your expenditure 
of these funds should follow the enclosed Guidelines. Should 
you have questions concerning the billing process, please 
discuss them with me first. 


This grant is valid through 31 March 1995. 

Again, congratulations on your award. NASA and the Arkansas 
Space Grant Consortium look forward to the success of your 
ASGC Guest Lecturer Grant. 


Sincerely yours, 


Gaylord M. Northrop, Dr. Engr. 

Director, Arkansas Space Grant Consortium 


Copy: 

Ms. Linda Burnett .... Grants Accounting/UALR 


> > > Arkansas Space Grant Consortium Program Office > > > 

UALR Graduate Institute of Technology ♦ 2801 So. University Ave. ♦ Little Rock, AR 72204-1099 ♦ (501) 569-8212 



May 3, 1 994 R. Jeffrey Wilkes 

Application for an ASGC Guest Lecturer Grant 

Year Three 

Arkansas Space Grant Consortium 


ASGCWILK.DOC 


Outreach Project Title: Date: 05/03/94 

Lectures on cosmic ray physics and particle astrophysics 

Institution: Street/Box No. City Zip 

UALR 2801 S. University Avenue Little Rock, AR 7220 

| 4 

Names of Faculty Involved: Title: Department: SSN 

1. Donald C. Wold. Professor Physics and Astronomy 

2. See below. 

3. II 1 ~ 

Principal Investigator's Telephone No.: (501) 569-8962 



The funding of a seminar speaker is proposed. The speaker is Research Professor R. 

Jeffrey Wilkes, Department of Physics, University of Washington, Seattle, Washington. Professor 
Wilkes is spokesman for the Japanese-American Cooperative Emulsion Experiment (JACEE). The 
detectors for these cosmic ray experiments are launched in balloons. JACEE experiments receive 
support from NASA. He will speak on "The JACEE Experiments in Cosmic Ray Physics". 
Presentations are planned at Henderson State University at Arkadelphia and the University of 
Arkansas at Little Rock on March 15, 1994. The topic of his lecture at UALR on March 16 will be 
"Particle Astrophysics with DUMAND." Hosts will be Professor Donald C. Wold of the Department 
of Physics and Astronomy, UALR, and Professor Charles Leming, Department of Physics, 
Henderson State University. Support is requested for airplane fares, local transportation, hotel 
costs, meals, and honorarium. 

Professor Wilkes will speak on cosmic ray experiments which have been performed by the 
JACEE collaboration at NASA/Marshall Space Flight Center and other places. Professor Wilkes has 
agreed to arrive on Monday evening, Monday, March 14, 1994, to present a public seminar 
Tuesday morning at 11:00 a.m. in Arkadelphia, to present a public lecture on Tuesday afternoon 
at 4:15 pm at UALR, and to present a public lecture Wednesday morning at UALR at 1 1:00 am.. 

He will depart back to the University of Washington, Seattle, in the afternoon. 

Both presentations are open to the general public. Faculty and students of all institutions 
making up the Arkansas Space Grant Consortium are invited to participate. Drs. Leming and 
Wold will schedule individual conference with those consortium members who wish private 
interviews with Professor Wilkes. The support of the Arkansas Space Grant Consortium will be 
acknowledged in the public announcements 


Summary of Funds Requested for This Outreach Grant: 


1 . Travel (mileage, etc.) 

S800 


5. Meals 

S 75 

2. Equipment (State Funds) 

SO 


6. Honorarium 

S250 

3. Materials 

SO 


7. 

SO 


4. Hotels SI 50 | | Total SI, 275 

Current air fares were obtained on the day this proposal was submitted. They do require an advance 
purchase of tickets to obtain these coach prices. Schedules are not firmly set at the present time, so hotel 
and meal costs are estimated for the longest possible period. 
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DEPARTMENT OF PHYSICS & ASTRONOMY SEMINAR 
Co-sponsored by the Arkansas Space Grant Consortium 

"Particle Astrophysics 
with DUMAND" 



Dr. Jeffrey Wilkes 

Department of Physics 
University of Washington 
Seattle, Washington 


Wenesday, March 16, 1994 


Physics 201 


11:00 a.m. 




DEPARTMENT OF PHYSICS & ASTRONOMY SEMINAR 
Co-sponsored by the Arkansas Space Grant Consortium 


"The JACEE 


Experiments in Cosmic 
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13 March 1994 
NL-4 0 10 f 


Dr. Don Wold 

Department of Physics & Astronomy 
University of Arkansas at Little Rock 
Little Rock, Arkansas 72204 

Dear Dr. Wold: 

On behalf of the Planning Committee of the Arkansas Space 
Grant Consortium, it is my pleasure to inform you of the 
approval of your ASGC Guest Lecturer Program application: 

Lectures on the Elemental Composition of Cosmic Rays. 

The amount of the grant is $ 680, as you requested. These 
funds are to be expended under UALR Account No. 43-60-40 in 
accordance with the budget in your proposal. Should you have 
reason to wish to spend funds in some other manner, please 
contact me (569-3212) before doing so. 

Purchase orders should be approved by me. Your expenditure 
of these funds should follow the enclosed Guidelines. Should 
you have questions concerning the billing process, please 
discuss them with me first. 

This grant is valid through 31 March 1995. 

Again, congratulations on your award. NASA and the Arkansas 
Space Grant Consortium look forward to the success of your 
ASGC Guest Lecturer Grant. 



Ms. Linda Burnett .... Grants Accounting/UALR 


> > > Arkansas Space Grant Consortium Program Office > > > 

UALR Graduate Institute of Technology ♦ 2801 So. University Ave. * Little Rock, AR 72204-1099 ♦ (501) 569-8212 




May 2, 1994 


Michael L. Cherry 


ASGCCHER.DOC 


Application for an ASGC Guest Lecturer Grant 

Year Three 

Arkansas Space Grant Consortium 


Outreach Project Title: 


Lectures on Elemental Composition of Cosmic Rays 


Date: 05/02/94 


Institution: 


UALR 


Street/Box No. 


2801 S. University Avenue 


City 


Little Rock, AR 


Department: 


Physics and Astronomy 


Zip 


7220 

4 


SSN 


Names of Faculty Involved: Title: 


1. Donald C. Wold. Professor 


2. See below. 


3. 


Principal Investigator’s Telephone No.: (501) 569-8962 


Abstract of Project: 

The funding of a seminar speaker is proposed. The speaker is Associate Professor Michael 
L. Cherry, Department of Physics and Astronomy, Louisiana State University, Baton Rouge, 
Louisiana. Professor Cherry is a member of the Japanese-American Cooperative Emulsion 
Experiment (JACEE). The detectors for these cosmic ray experiments are launched in balloons. 
JACEE experiments receive support from NASA. He will speak on "Composition of Cosmic Rays". 
Presentations are planned at the University of Arkansas at Little Rock and Harding University on 
April 14 and 15, 1994, respectively. Hosts will be Professor Donald C. Wold of the Department of 
Physics and Astronomy, UALR, and Professor Edmond W. Wilson, Jr., Professor of Chemistry, 
Harding University. Support is requested for airplane fares, local transportation, hotel costs, 
meals, and honorarium. 

Professor Cherry will speak on new results from the JACEE experiments concerning 
elemental compostion of cosmic rays. Professor Cherry has agreed to arrive on Thursday, April 
14, 1994, to present a public seminar in the afternoon at 4:15 p.m., to leave Little Rock on Friday 
morning, April 14, to go to Harding University, and to present a public seminar at 1:00 p.m. He 
will return to the Louisiana State University, Baton Rouge, in the afternoon or evening. The 
lecture at UALR will be more specialized, but both presentations are open to the general public. 
Faculty and students of all institutions making up the Arkansas Space Grant Consortium are 
invited to participate. Drs. Wilson and Wold will schedule individual conferences with those 
consortium members who wish private interviews with Professor Cherry. The support of the 
Arkansas Space Grant Consortium will be acknowledged in the public announcements. 


Summary of Funds Requested for This Outreach Grant: 


1 . 

Travel (mileage, etc.) 

S205 

2. 

Equipment (State Funds) 

SO 

3. 

Materials 

SO 

4. 

Hotels 

S150 



5. Meals 


6. Honorarium 


7. 


Total 


S75 


S250 


SO 


S680 


Current air fares were obtained on the day this proposal was" submitted. They do require an advance 
purchase of tickets to obtain these coach prices. Schedules are not firmly set at the present time, so hotel 
and meal costs are estimated for the longest possible period. 



































UALR 


DEPARTMENT OF PHYSICS & ASTRONOMY SEMINAR 
Co-sponsored by the Arkansas Space Grant Consortium 


"Composition of 
High Energy 
Cosmic Rays" 


by 


Dr. Michael Cherry 


Department of Physics & Astronomy 
Louisiana State University 
Baton Rouge, LA 


Thursday, April 14, 1994 
Natural Science 101 

Refreshments @ 4:00 p.m. 

Seminar @ 4:15 p.m. 



04/11/94 


11 : 54 


©50 1 279 4706 


HARDING SCI. 


® 001 


Arkansas Space Grant Consortium Speaker 

Title of Presentation 

Composition of High Energy Cosmic Rays 

Speaker 

Professor Michael Cherry, PhD 

Time & Place 

1:00 PM 
Friday 

April 15, 1994 

Pryor Science Center Room 30 


Professor Cherry is a member of the Department of Physics and Astronomy 
at the Louisiana State University, Baton Rouge, Louisiana. Dr. Cherry 
also is active in the Japanese- American Cooperative Emulsion Experiment, 
JACEE. The Detectors for these cosmic ray experiments are launched in 
balloons. JACEE experiments receive support from NASA. 

All interested parties are invited and encouraged to attend. If you wish to 
eat lunch with Dr. Cherry (Dutch Treat). We will probable eat at the 
Cookie Basket about 11:30 on Friday. See Ed Wilson for details. 




NASA 


ASU • Harding U. • UAF • UALR • UAMS • UAPB • UCA 

Arkansas Space Grant Consortium 

ATU • Hendrix C. • HSU • Lyon C. • OBU • U. Ozarks 


17 January 1995 

NL-5010f 

UALR0049 

Dr. Donald Wold 

Department of Physics and Astronomy 
University of Arkansas at Little Rock 
2801 S. University Ave. 

Little Rock, Arkansas 72204 

Dear Dr. Wold: 

On behalf of the Planning Committee of the Arkansas Space 
Grant Consortium, it is my pleasure to inform you of the 
approval of your ASGC Guest Lecturer Program application: 

Astrophysics with High Energy Neutrinos: 
the AMANDA Detector. 

The amount of the grant is $1,200, as you requested. These 
funds are to be expended under UALR Account No. 43-60-40 in 
accordance with the budget in Y our proposal. Should you have 
reason to wish to spend funds in some other manner, please 
contact me (569-8212) before doing so. 

Purchase orders should be approved by me. Your expenditure 
of these funds should follow the enclosed Guidelines. Should 
you have questions concerning the billing process, please 
discuss them with me first. 

This grant is valid through 31 January 1996. 

Again, congratulations on your award. NASA and the Arkansas 
Space Grant Consortium look forward to the success of your 
ASGC Guest Lecturer Grant. 


Sincerely yours, 



Copy: 

Mr. Jerry Crittenden .... Grants Ac counting /UALR 


>■>■>■ Arkansas Space Grant Consortium Program Office > > > 

UALR Graduate Institute of Technology ♦ 2801 So. University Ave. ♦ Little Rock, AR 72204-1099 ♦ (501) 569-8212 




February 7, 1 995 


Francis Halzen 


HAL2EN2.DOC 


Application for an ASGC Guest Lecturer Grant 

Year Three 

Arkansas Space Grant Consortium 


Outreach Project Title: 


Date: 02/07/95 


Lectures on astrophysics with high energy neutrinos: the AMANDA detector 


Institution: 

Street/Box No. 

City 

Zip 

UALR 

2801 S. University Avenue 

Little Rock, AR 

72204 


Names of Faculty Involved: 


Title: 


Department: 


SSN 


1. Donald C. Wold. 


Professor 


Physics and Astronomy 


2. See below. 


3. 


Principal Investigator's Telephone No.: (501) 569-8962 


Abstract of Project: 


The funding of a seminar speaker is proposed. The speaker is Hilldale Professor Francis 
Halzen, Phenomenology Institute, Department of Physics, University of Wisconsin - Madison, 

1 150 University Avenue, Madison, WI 53706. Professor Halzen is spokesman for the AMANDA 
collaboration. The detectors for these neutrino experiments are located in the Antarctica. The 
Cherenkov tubes are immersed in the polar ice cap. He will speak on "The Antarctic Muon and 
Neutrino Detector Array (AMANDA)". Presentations are planned at the University of Arkansas at 
Little Rock and the University of Arkansas at Pine Bluff on March 7 and 8, 1995, respectively. 
Hosts will be Professor Donald C. Wold of the Department of Physics and Astronomy, UALR, and 
Professor Ebo Tei, Professor of Psychology, Department of Social and Behavioral Science, 
University of Arkansas at Pine Bluff. Support is requested for airplane fares, local transportation, 
hotel costs, meals, and honorarium. 


Professor Halzen will speak on particle physics and astrophysics with high energy 
neutrinos. Professor Halzen has agreed to arrive on Monday evening or Tuesday morning to 
present a seminar on Tuesday afternoon at 4:00 p.m. in Little Rock. He will present a public 
lecture from 11:30 a.m. to 12:30 p.m. on Wednesday at UAPB. Dr. Halzen will be available for 
informal discussions with students and faculty at 10:00 am or earlier if desired. He will depart 
back to the University of Wisconsin, Madison, in the afternoon or evening. 

Both presentations are open to the general public. Faculty and students of all institutions 
making up the Arkansas Space Grant Consortium are invited to participate. Drs. Tei and Wold 
will schedule individual conference with those consortium members who wish private interviews 
with Professor Halzen. The support of the Arkansas Space Grant Consortium will be 
acknowledged in the public announcements. 


Summary of Funds Requested for This Outreach Grant: 

1. Travel (mileage, etc.) S725 


5. Meals $ 75 

2. Equipment (State Funds) SO 


6. Honorarium S250 

3. Materials SO 


7. SO 

4. Hotels SI 50 


Total S 1,200 


Current air fares were obtained on the day this proposal was submitted. They do require an advance 
purchase of tickets to obtain these coach prices. Schedules are not firmly set at the present time, so hotel 
and meal costs are estimated for the longest possible period. 


























PHYSICS AND ASTRONOMY 

SEMINAR 

COSPONSORED BY 

ARKANSAS SPACE GRANT 
CONSORTIUM 

"The Antarctic Muon and 
Neutrino Detector Array 

(AMANDA)" 

by 

Hilldale Professor Francis Halzen 


Phenomenology Institute 
Department of Physics 
University of Wisconsin - Madison 


March 7, 1995 
Fribourgh Hall 101 

refreshments @ 3:45 p.m. 
seminar @ 4:00 p.m. 

Everyone is invited 
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Arkansas Space Grant Consortium 


ATU • Hendrix C. ♦ HSU • Lyon C. • OBU • U. Ozarks 


Mr. Trevis A. Crane, Undergraduate Student 
University of Arkansas at Little Rock 
Dept, of Physics & Astronomy 
2301 S. University 
Little Rock, AR 72301 


7 Sectember 1995 

NL-6014M 

UALR0062 


Dear Mr. Crane: 


On behalf of the Planning Committee of the Arkansas Space Grant 
Consortium, it is my pleasure to inform you of the approval of your 
Student Scholarship application: 

Survey of Cosmic Ray Observatories. 

The amount of the grant is $3,060, as you requested. These funds 
are to be expended under UALR Account No. 43-60-60 in accordance 
with the budget in your proposal. Should you have reason to wish to 
spend funds in some other manner, please contact your mentor, 

Dr. Donald Wold (569-3962), and me (569-3212) before doing so. 

Your ASGC Grant Identification No. is UALR0062. This Identification 
Number should be clearly indicated on all purchase orders, invoices 
and correspondence. Your expenditure of these funds should follow 
the enclosed Guidelines. The enclosed Payments Summary Sheets are 
to be manually updated and a copy sent to the ASGC Program Office 
with each request for repayment (invoice) of expended funds. 

Purchase orders are to be approved initally by Dr. Wold. Should you 
have questions concerning the billing process, please discuss them 
first with Dr. Wold and then me, if necessary. 

This grant is valid through 30 September 1996. 

Again, congratulations on your award. NASA and the Arkansas Space 
Grant Consortium look forward to your accomplishments. 


Sincerely yours, 



Copies : 

Dr. Donald Wold Dept, of Physics & Astronomv/UALR 

Mr. Bob Highfill Grants Account ing/UALR 


> > > Arkansas Space Grant Consortium Program Office > > > 

UALR Graduate Institute of Technology ♦ 280 1 So. University Ave. ♦ Little Rock, AR 72204-1099 ♦ (501) 569-8212 




Septfembfer 6, 1995 Trevis A. Crane ( 

I I Undergraduate Student Scholarship Application Form 

\^J Year Five 

Arkansas Space Grant Consortium 


CRANE! .DOC 


Project Title: 


Date: 09/06/95 


Survey of Cosmic Ray Observatories 


Institution: 


UALR 


Name of Student: 


Trevis A. Crane 


Address: 


Street: 


Ci 


Telephone: 


Street/Box No. 


2801 S. University Avenue 


Standin 


Sophomore 


2106 S. Gaines Street 


Little Rock 


( 501 ) 374 - 8493 


City 


Little Rock, AR 


Zip 


72204 


Program Major: 

GPA 

B. S. Physics 

4.0 


State: 

.AR 1 

Zi 

Pi 


Names of Faculty Mentor(s): 

I Title: 

1. Donald C. Wold. 

j Professor 

2. 



Summary of Project: 


Department: 


Physics and Astronomy 


(Please follow the eight parts of the proposal. [See Guidelines!) 


72206 


Telephone 


501 569 8962 


1. Enhancement of the Applicant's Capabilities : The applicant will learn about gamma 
ray detectors in the NASA/GRO and higher energy gamma ray detectors. The applicant will 
communicate directly with spokespersons of the experiments being conducted with the 
cosmic ray observatories about the characteristics of the detectors. 

2. NASA Research or Space Centers to be Visited : The applicant will visit Los Alamos 
National Laboratory and MILAGRO, a detector for 1 - 1,000 TeV cosmic gamma rays. The 
applicant will attend a collaboration meeting of the MILAGRO research group. 

3. Written Output Products of This Project : The applicant will prepare a research paper 
summarizing the results of his survey of cosmic ray detectors, experiments, and 
observatories. The applicant will work with Mr. LaCour to produce a final report entitled: 
“Survey of Gamma Ray and Cosmic Ray Observatories.” 

4. NASA Graduate Student Research Program : Not applicable. 

5. Research Project Description: The applicant’s investigation will include a survey of the 
characteristics of detectors for low energy gamma rays detectors for higher energy gamma 
rays as measured at cosmic ray observatories. This applicant will concentrate on cosmic 
ray observatories, whereas Mr. LaCour will concentrate on gamma ray observatories. 

6. Use of Project Results: This research project will be used as the basis for a professional 
paper to be submitted to the Arkansas Academy of Science, and for other presentations. 

7. Outreach Activity Plan: The information about gamma ray detectors and cosmic ray 
observatories will be shared with astrophysicists, faculty and K-16 students. 

8. Quarterly and Final Reports: The applicant will report as required on the progress of 

the grant activities. 


Summary of Funds Requested for This Student Scholarship: 


5. Materials S400 


1. 

Travel (airfare, motel, car) 

S3 60 

2. 

Tuition 

SO 

3. 

Stipend 

32,000 



4. Outreach Activities S1QQ j Total S3,Q6C 

Current air fares were obtained on the day this proposal was submitted. They do require an advance 
purchase of tickets to obtain these coach prices. Schedules are not firmly set at the present time, so hotel 
and meal costs are estimated for the longest possible period. 


S3, 060 



Page 1 
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ASU • Harding U. • UAF • UALR • (JAMS • UAPB • UCA 


Arkansas Space Grant Consortium 


^ ATU ♦ Hendrix C. • HSU • Lyon C. • OBU • U. Ozarks j 


7 Seotember 1995 

NL-6014L 

UALR0060 

Mr. Michael LaCour, Undergraduate Student 
University of Arkansas at Little Rock 
Dept, of Physics & Astronomy 
2301 S. Universitv 
Little Rock, AR 72301 

Dear Mr. LaCour: 

On behalf of the Planning Committee of the Arkansas Space Grant 
Consortium, it is my pleasure to inform you of the approval of your 
Student Scholarship application: 

Detectors for Particle Astrophysics from the 
Compton GRO to the Giant Air Shower Array. 

The amount of the gran" is $3,300, as you requested. These funds 
are to be expended under UALR Account No. 43-60-60 in accordance 
with the budget in your proposal. Should you have reason to wish to 
spend funds in some other manner, please contact your mentor, 

Dr. Donald Wold (569-3962), and me (569-8212) before doing so. 

Your ASGC Grant Identification No. is UALR0060. This Identification 
Number should be clearly indicated on all purchase orders, invoices 
and correspondence. Your expenditure of these funds should follow 
the enclosed Guidelines. The enclosed Payments Summary Sheets are 
to be manually updated and a copy sent to the ASGC Program Office 
with each request for repayment (invoice) of expended funds. 

Purchase orders are to be approved by Dr. Wold. Should you have 
questions concerning the billing process, please discuss them first 
with Dr. Wold and then me, if necessary. 

This grant is valid through 30 September 1996. 

Again, congratulations on your award. NASA and the Arkansas Space 
Grant Consortium look forward to your accomplishments. 

Sincerely yours, 


Gaylord M. Northrop, Dr. Engr. ^ 

Director, Arkansas' Space Grant Consortium 


Copies : 

Dr. Donald Wold Dept, of Physics & Astronomy/UALR 

Mr. Bob Highfill Grants Accounting/UALR 


> > > Arkansas Space Grant Consortium Program Office > > > 

UALR Graduate Institute of Technology ♦ 280 1 So. University Ave. ♦ Little Rock, AR 72204-1099 ♦ (501) 569-8212 




SeptertibeJ 5, 1995 


Michael LaCour 


LACOUR1 .DOC 


Undergraduate Student Scholarship Application Form 

Year Five 

Arkansas Space Grant Consortium 


Project Title: 


Institution: 


UALR 


Name of Student: 


Michael LaCour 


Address: Street: 


I City: 


Telephone: 


Date: 09/05/95 


Survey of Gamma Ray Observatories 


Street/Box No. 


2801 S. University Avenue 


Standing: I Program Major: 


Junior I Phvsics/Biolo 


1705 N. Pierce 


Little Rock 


( 301 ) 666 -0276 


City 


Little Rock, AR 


State: 


Zip 


72204 



Names of Faculty Mentor(s): 

Title: 

1. Donald C. Wold. 

Professor 

2. 



Summary of Project: 


Department: 


Physics and Astronomy 


(Please follow the eight parts of the proposal. [See Guidelines!) 


Telephone 


501 569 8962 


1. Enhancement of the Applicants Capabilities : The applicant will learn about gamma 
ray detectors in the NASA/GRO and higher energy gamma ray detectors. The applicant will 
communicate directly with spokespersons of the experiments being conducted with the 
gamma ray observatories about the characteristics of the detectors. 

2. NASA Research or Space Centers to be Visited : The applicant will visit NASA\Goddard 
Space Flight Center, the U.S. Naval Research Laboratory, and the University of Maryland. 

3. Written Output Products of This Project : The applicant will prepare a research paper 
summarizing the results of his survey of gamma ray detectors, experiments, and 
observatories. The applicant will work with Mr. Crane to produce a final report of the 
study entitled: “Survey of Gamma Ray and Cosmic Ray Observatories.” 

4. NASA Graduate Student Research Program : Not applicable. 

5. Research Project Description: The applicant’s investigation will include a survey of the 
characteristics of detectors for low energy gamma rays as observed in the Compton GRO to 
detectors for higher energy gamma rays. This applicant will concentrate on gamma ray 
observatories, whereas Mr. Crane will concentrate on cosmic ray observatories. 

6. Use of Project Results: This research project will be used as the basis for a professional 
paper to be submitted to the Arkansas Academy of Science, and for other presentations. 

7. Outreach Activity Plan: The information about gamma ray detectors and gamma ray 
observatories will be shared with astrophysicists, faculty and K-16 students. 

8. Quarterly and Final Reports: The applicant will report as required on the progress of 
the grant activities. 


Summary of Funds Requested for This Student Scholarship: 


5. Materials S400 


6 . 


1 . Travel (airfare, motel, etc) 

S850 

2. Tuition 

SO 

i 3. Stipend 

S2.000 


4. Outreach Activities S100 | Total S3.35C 

Current air fares were obtained on the day this proposal was submitted. They do require an advance 
purchase of tickets to obtain these coach prices. Schedules are not firmly set at the present time, so hotel 
and meal costs are estimated for the longest possible period. 


S3.350 


Page 1 
































NASA 


ASU • Harding U. • UAF • UALR • UAMS • UAPB • UCA 

Arkansas Space Grant Consortium 

ATU • Hendrix C. • HSU • Lyon C. • OBU • U. Ozarks 



7 September 1995 

NL-6012B 

UALR0061 

Dr. Donald Wold 

Department of Physics & Astronomy 
University of Arkansas at Little Rock 
2801 S. University 
Little Rock, AR 72204-1099 

Dear Dr. Wold: 

On behalf of the Planning Committee of the Arkansas Space Grant 
Consortium, it is my pleasure to inform you of the approval of 
your Research Infrastructure Grant application: 

Astrophysics Experiments with NASA's GRO and MILAGRO. 

The amount of the grant is $ 2,550, which is less than you 
requested. A 1:1 equipment match of $250 by UALR is 
required. This proposal was approved with the condition that 
the details of your budget be worked out between you and me. 
These funds are to be expended under UALR Account No. 43-60-30 
in accordance with the amended budget in your proposal. Should 
you have reason to wish to spend funds in some other manner, 
please contact me (569-8212) before doing so. 

Your ASGC Grant Identification No. is UALR0061. This 
Identification Number should be clearly indicated on all 
purchase orders, invoices and correspondence. Your expenditure 
of these funds should follow the enclosed Guidelines. The 
enclosed Payments Summary Sheets are to be manually updated and 
a copy sent to the ASGC Program Office with each request for 
repayment (invoice) of expended funds. Purchase orders are to 
be approved by me. Should you have questions concerning the 
billing process, please discuss them with me. 

This grant is valid through 30 September 1996. 

Again, congratulations on your award. NASA and the Arkansas 
Space Grant Consortium look forward to your accomplishments. 


Sincerely yours, 



Gaylord M. Northrop, Dr. Engr. 

Director, Arkansas Space Grant Consortium 


Copy: 

Mr. Bob Highfill Grants Accounting/UALR 


> > > Arkansas Space Grant Consortium Program Office > > > 

UALR Graduate Institute of Technology ♦ 280 1 So. University Ave. * Little Rock, AR 72204-1099 ♦ (501) 569-8212 




September 6, 1 995 


Donald C. Wold 


WOLD95.DOC 


Application for a Research Infrastructure Grant 

Year Five 

Arkansas Space Grant Consortium 


Project Title: 


Date: 09/06/95 


Astrophysics Experiments with the Compton GRO and MILAGRO 


2801 S. University Avenue Little Rock, AR 


Title: | Department: 


Institution: Street/Box No. I City 


UALR 


Names of Faculty Involved: 


1. Donald C. Wold. Professor | Physics and Astronomy 


2 . 


Principal Investigator’s Telephone Number: (501) 569-8962 


Name of Student Involved: I Standing: I P 


Trevis A. Crane Sophomore I B. S. Phvsics 


Michael LaC our Junior I Phvsics/Biolo 


Zip 


72204 


Telephone 


501 569 8962 



Summary of Project: 


(Please follow the eight parts of the proposal. [See Guidelines]) 


1. Enhancement of the Applicant’s Capabilities: The applicant will develop an 
understanding of NASA’s Compton GRO for conducting coincidence experiments with 
MILAGRO, a new gamma ray telescope. Correlated observations will greatly extend the 
particle astrophysics potential of MILAGRO and the Compton Observatory. 

2. NASA Research or Space Centers to be Visited: The applicant will visit NASA\Goddard 
Space Flight Center, the U.S. Naval Research Laboratory, the University of Maryland, and 
the Los Alamos National Laboratory. 

3. Written Output Products of This Project: The applicant will prepare a research report 
summarizing the results of his visits and a proposal to the National Science Foundation for 
a Research Opportunity Award. 

4. Student Mentoring: Several students will be involved in high energy gamma ray and 
cosmic ray physics research projects. Their activities will be funded by separate Arkansas 
Space Grant Consortium proposals and DOE funds at Los Alamos National Laboratory. 

5. NASA Summer Faculty Fellowship Program: The applicant will apply for summer 
research support through the NSF Research Opportunity Award program. 

6. Course Content Enhancement- This research experience will be integrated into Modem 
Physics and Mechanics as well as introductory physics courses. 

7. Outreach Activity Plan: Information which has been gathered about gamma ray 
observatories will be shared with astrophysicists, faculty and K-16 students. 

8. Quarterly and F inal Reports: The applicant will report as required on the progress of 

the grant activities. 


Summary of Funds Requested for This Faculty Enhancement Grant: 


5. 


1. Travel (airfare, motel, etc) 

51,740 

2. Equipment 

5500 

3. Materials 

5500 



4. Outreach Activities 560 j Total S2,8QC 

Current air fares were obtained on the day this proposal was submitted. They do require an advance 
purchase of tickets to obtain these coach prices. Schedules are not firmly set at the present time, so hotel 
and meal costs are estimated for the longest possible period. 


52,800 
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16 November 1995 

NL-6011E 

UALR0065 

Dr. Donald C. Wold 

Department of Physics and Astronomy 
University of Arkansas at Little Rock 
2801 South University Avenue 
Little Rock, AR 72204-1099 

Dear Dr. Wold: 

On behalf of the Planning Committee of the Arkansas Space Grant 
Consortium, it is my pleasure to inform you of the approval of 
your General Public (Guest Lecturer) Grant application: 

"Lectures on Cosmic Ray Physics: Extremely High Energy 
Cosmic Rays, by Dr. David B. Kieda." 

The amount of the grant is $ 850, as you requested. These funds 
are to be expended under UALR Account No. 43-60-40 in accordance 
with the budget in your proposal. Should you have reason to wish 
to spend funds in some other manner, please contact me (569-8212) 
before doing so. 

Your ASGC Grant Identification No. is UALR0065. This number 
should be clearly indicated on all purchase orders, invoices and 
correspondence. Your expenditure of these funds should follow the 
enclosed Guidelines. The enclosed Payments Summary Sheet is to be 
manually updated and a copy sent to the ASGC Program Office with 
each request for repayment (invoice) of expended funds. Should 
you have questions concerning the billing process, please discuss 
them with me. 

This grant is valid through 30 November 1996. 

Again, congratulations on your award. NASA and the Arkansas Space 
Grant Consortium look forward to your accomplishments. 

Sincerely yours, 



Mr. Bob Highfill Grants Accounting/UALR 


> > > Arkansas Space Grant Consortium Program Office > > > 

UALR Graduate Institute of Technology ♦ 2801 So. University Ave. * Little Rock, AR 72204-1099 • (501) 569-8212 




November 6, 1 995 


David B. Kieda 


KIEDA95 


Application for an ASGC Guest Lecturer Grant 

Year Five 

Arkansas Space Grant Consortium 


Guest Lecturer Project Title: 


Date: 11/06/95 


Lectures on Cosmic Ray Physics: Extremely High Energy Cosmic Rays 


Institution: 


UALR 


Names of Faculty Involved: 


1. Donald C. Wold. 


2. See below. 


Street/Box No. | City 


2801 S. University Avenue | Little Rock. Ait 


Title: | Department: 


Professor | Physics and Astronomy 


Zip 


72204 




Principal Investigator's Telephone No.: (501) 569-8962 


Summary of Project: 

The f undin g of a s emin ar speaker is proposed. The speaker is Professor David B. Kieda, 
Department of Physics, University of Utah, Salt Lake City, Utah 84112. Professor Kieda is a 
member of the Air Cherenkov Design Group at Fermi National Accelerator Laboratory (Fermilab) 
for the proposed giant air shower array or Pierre Auger cosmic Ray observatory. Professor Kieda 
is a member of the Organizing Committee for the 26th International Cosmic Ray Conference 
(1999). 

Professor Kieda will speak on the cosmic ray energy spectrum observed by the Fly's Eye 
detector and the proposed Pierre Auger cosmic ray observatory. Probable dates for his 
presentations are January 22 and 23, 1996, at the Arkansas State University and the University of 
Arkansas at Little Rock. The topic of his lecture will be "Searching for the Origin of Extremely 
High Energy Cosmic Rays." Hosts will be Professor Donald C. Wold of the Department of Physics 
and Astronomy, UALR, and Professor Andrew SustLch, Department of Physics, Arkansas State 
I University. Professor Kieda will probably arrive on Sunday, January 21, and depart on 
Wednesday, January 24, 1996. Support is requested for airplane fares, local transportation from 
Little Rock to Jonesboro, hotel costs, meals, and honorarium. 

Professor Kieda’s presentations will be open to the general public. Faculty and students of 
ail institutions making up the Arkansas Space Grant Consortium will be invited to participate. 
Drs. SustLch and Wold will schedule individual conference with those consortium members who 
wish private interviews with Professor Kieda. The support of the Arkansas Space Grant 
Consortium will be acknowledged in the public announcements 


Summary of Funds Requested for This Outreach Grant 


1. Travel (mileage, etc.) 

S375 

2. Honorarium 

$250 

3. Hotels 

$150 



5. 

so 

6. 

$0 

7. 

so 


4. Meals 


Total 


S8S0 


Current air fares were obtained on the day this proposal was submitted. They do require an advance 
purchase of tickets to obtain these coach prices. Schedules are not firmly set at the present time, so hotel 
and meal costs are estimated for the longest nossible period. 
























PHYSICS & ASTRONOMY 


SEMINAR 

(Open to the Public) 

SPONSORED BY 

ARKANSAS SPACE GRANT CONSORTIUM 

"Searching for the Origin of 
Extremely High Energy Cosmic 

Rays " 


by 

Prof. David B. Kieda 

Department of Physics 
University of Utah 

Tuesday, Jan. 23, 1996 
FH 102 


Refreshments @ 4:00 p.m. 
Presentation @ 4:15 p.m. 
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Dr. Donald Wold 

Department of Physics and Astronomy 
University of Arkansas at Little Rock 
2801 S. University Ave . 

Little Rock, Arkansas 72204 

Dear Dr. Wold: 


7 September 1995 
NL-6011A 
UALR00 59 


On behalf of the Planning Committee of the Arkansas Space 
Grant Consortium, it is my pleasure to inform you of the 
approval of your ASGC Public Service (Guest Lecturer) Program 
application : 

Lectures on High Energy Gamma Ray Physics 
and Cosmic Ray Physics. 

The amount of the grant is $1,200, as you requested. These 
funds are to be expended under UALR Account No. 43-60-40 in 
accordance with the budget in your proposal. Should you have 
reason to wish to spend funds in some other manner, please 
contact me (569-8212) before doing so. 

Your ASGC Grant Identification No. is UALR0059. This 
Identification Number should be clearly indicated on all 
purchase orders, invoices and correspondence. Your 
expenditure of these funds should follow the enclosed 
Guidelines. The enclosed Payments Summary Sheets are to be 
manually updated and a copy sent to the ASGC Program Office 
with each request for repayment (invoice) of expended funds. 
Purchase orders should be approved by me. Your expenditure 
of these funds should follow' the enclosed Guidelines. Should 
you have questions concerning the billing process, please 
discuss them with me. 


This grant is valid through 30 September 1996. 

Again, congratulations on your award. NASA and the Arkansas 
Space Grant Consortium look forward to the success of your 
ASGC Guest Lecturer Grant. 


Sincerely yours, 



Gaylord M. Northrop, Dr. Engr. 

Director, Arkansas Space Grant Consortium 


Copy: 

Mr. Bob Highf ill Grants Account ing/UALR 

> > > Arkansas Space Grant Consortium Program Office > > > 

UALR Graduate Institute of Technology * 2801 So. University Ave. * Little Rock, AR 72204-1099 ♦ (501) 569-8212 




September 6 , 1 995 


YODH95.DOC 


Gaurang B. Yodh 

Application for an ASGC Guest Lecturer Grant 

Year Five 

Arkansas Space Grant Consortium 


Guest Lecturer Project Title: 

igh Energy Gamma 1 

Date: 09/06/95 

Lectures on H 

■lay and Cosmic Ray Physics 

Institution: 

Street/Box No. City Zip 

UALR 

2801 S. University Avenue Little Rock, AR | 72^04 

Names of Faculty Involved: 

Tide. | Department: | SSN 

1. Donald C. Wold. 

2. See below. 

Professor | Physics and Astronomy j 

3. 

Principal Investigator's Telephoi 

ne No.: (501) 569-8962 

Summary of Project: 

ar speaker is proposed. The speaker is Professor Gaurang B. Yodh, 
■sity of California, Irvine, California. Professor Yodh is a 
0 collaboration. MILAGRO is a water-Cherenkov detector for 
ys over a broad energy range of 1-1,000 TeV. They plan to 
TSE and EGRET if the Compton GRO is still working when 
orrelated observations will greatly extend the physics potential 
t’s GRO. 

eak on "Cosmic Rays and their Origin". Probable dates for his 
id 9 at the University of Central Arkansas and the University of 
opic of his lecture will be "MILAGRO - a New Gamma Ray 
essor Donald C. Wold of the Department of Physics and Astronomy, 
L Addison, Department of Physics, University of Central .Arkansas. ’ 
me fares, local transportation, hotel costs, meals, and honorarium. 

open to the general public. Faculty and students of all institutions 
^ Grant Consortium are invited to participate. Drs. Addison and 
conference with those consortium members who wish private 
b. The support of the Arkansas Space Grant Consortium will be 
mouncements 

The funding of a semin 
Department of Physics, Univei 
spokesperson for the MILAGR 
observing cosmic gamma ra 
look in coincidence with BA 
MILAGRO is ready. These o 
of both MILAGRO and NAS/ 3 

Professor Yodh will sp 
presentations are October 8 ai 
.Arkansas at Little Rock. The t 
Telescope." Hosts will be Prof 
UALR, and Professor Stephen I 
Support is requested for airpk 

Both presentations are i 
making up the Arkansas Space 
Wold will schedule individual 
interviews with Professor Yod] 
acknowledged in the public an 

Nummary or bunds Requested for This Outreach Grant: 

i . t ravel (mileage, etc.) $725 


5 - so 

2. Honorarium S250 


6 - so 

3. Hotels SI 50 


7 - so 

4. Meals 575 


Total S 1,200 



v-uixcui dir i ares were ootamea on me day mis proposal was submitted. They do require an advance 
purchase of tickets to obtain these coach prices. Schedules are not firmly set at the present time, so hotel 
ana meal costs are estimated for the longest possible period. 



PHYSICS & ASTRONOMY SEMINAR 

Open to the Public 

SPONSORED BY 

ARKANSAS SPACE GRANT CONSORTIUM 

"Milagro: A New Gamma Ray 

Telescope" 

by 

Prof. Gaurang B. Yodh 

University of California, Irvine 

Tuesday, Feb. 20, 1996 
PHYS 107 

Refreshments @ 4:00 p.m. 

Presentation @ 4:15 p.m. 

Abstract 

A five million gallon water tank is being instrumented to become an all sky, continuously 
observing high energy gamma ray telescope. It is located in the Jemez mountains, near Los 
Alamos, New Mexico, at an altitude of 8,700 feet. It will be sensitive to gamma rays of energies 
between 100 GeV and 10,000 GeV coming from interesting celestial objects like Active Galactic 
Nuclei and Gamma Ray Bursters. The novel telescope and its capabilities will be outlined. 



OPEN HOUSE 


TO MEET DR. GAURANG B. YODH 

Professor of Physics 
University of California Irvine 


Sunday, February 1 8, 7 to 9 p.m. 

at the Wolds’ 

38 Pine Manor Drive 
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Arkansas Space Grant Consortium 
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6 December 1995 
NL-6011F 
UALROO 6 7 

Dr. Donald C. Wold 

Department of Physics and Astronomy 
University of Arkansas at Little Rock 
2801 South University Avenue 
Little Rock, AR 72204-1099 

Dear Dr. Wold: 

On behalf of the Planning Committee of the Arkansas Space Grant 
Consortium, it is my pleasure to inform you of the approval of 
your General Public (Guest Lecturer) Grant application: 

"Lectures on Cosmic Ray Physics: Neutrino 
Oscillation Experiments, by Dr. Maury Goodman." 

The amount of the grant is $ 700, as you requested. This grant 
was approved with the condition that you try to include a 
presentation at the University of Central Arkansas in Dr. Maury 
Goodman's schedule. These funds are to be expended under UALR 
Account No. 43-60-40 in accordance with the budget in your 
proposal. Should you have reason to wish to spend funds in some 
other manner, please contact me (569-3212) before doing so. 

Your ASGC Grant Identification No. is UALR0067. This number 
should be clearly indicated on all purchase orders, invoices and 
correspondence. Your expenditure of these funds should follow the 
enclosed Guidelines. The enclosed Payments Summary Sheet is to be 
manually updated and a copy sent to the ASGC Program Office with 
each request for repayment (invoice) of expended funds. Should 
you have questions concerning the billing process, please discuss 
them with me. 

This grant is valid through 31 December 1996. 

Again, congratulations on your award. NASA and the Arkansas Space 
Grant Consortium look forward to your accomplishments. 


Sincerely yours, 




GayToird M. Northrop, Dr. Engr. 

Director, ArKansas Space Grant Consortium 


Copy: 

Mr. Bob Highfill Grants Accounting/UALR 


> > > Arkansas Space Grant Consortium Program Office > > > 

UALR Graduate Institute of Technology ♦ 2S01 So. University Ave. * Little Rock AR 72204-1099 ♦ (501) 569-8212 



December 5, 1995 


Maury Goodman 

Application for an ASGC Guest Lecturer Grant 

Year Five 

Arkansas Space Grant Consortium 


Guest Lecturer Project Title: 


Date: 12. 05 95 


Lectures on Cosmic Ray Physics: Neutrino Oscillation Experiments 


Zip 

72204 


Institu tion: | Street/Box No. j City ! Zip 

| 2801 S. Cmvcrsiry Avenue j Litt le Rock. AR I 7220J 

Names of Faculty Involved: j Title: . Depar tment: | SSN 

1. Donald C. Wold. | Professor Physics and Asrronomv | 

2. See below. j : “j 

■ 3 - i ; ; 

Principal Investigator's Telephone No.: 1 501) 509-8902 
Summary of Project: i 

The funding of a seminar speaker is proposed. The speaker is Dr. Maury Goodman. High 
Energy Physics Division, Argonne National Laboratory, Argonne. Illinois 60439. Dr. Goodman is 
Assistant Physicist and Physicist at Fermi National Accelerator Laboratory (Fermilab). Dr. 
Goodman is spokesman for Fermilab Proposal P-S22, A Long-Baseline Neutrino Oscillation 
Experiment Using the Soudan 2 Neutrino Detector. 

Dr. Goodman will speak on the use of the Fermilab neutrino detector for studies of 
cosmic rays. Probable dates for his presentations are March 4 and 5, 1996, at Harding University 
and the University of .Arkansas at Uttle Rock. The topic of his lecture will be "Prospects for Long- 
Baseline Neutrino Oscillation Experiments.’' Hosts will be Professor Donald C. Wold of the 
Department of Physics and Astronomy, U.ALR, and Professor Edmond W. Wilson, Jr., Department 
of Physical Sciences. Harding University. Professor Goodman will probably arrive on Sunday, 
March 3, and depart on Tuesday, March 5, 1996. Dr. Goodman's presentation will be at 3:00 p.m. 
on Monday, March 4, at Harding University, and 4;00 p.m. on Tuesday, March 3, at the University 
of .Arkansas at Little Rock. Support is requested for airplane fares, local transportation from 
Little Rock to Searcy, hotel costs, meals, and honorarium. 

Professor Goodman’s presentations wall be open to the general public. Faculty and 
students of all institutions making up the .Arkansas Space Grant Consortium will be invited to 
participate. Drs. Wilson and Wold will schedule individual conference with those consortium 
members who wish private interviews with Dr. Goodman. The support of the Arkansas Space 
Grant Consortium will be acknowledged in the public announcements 


Summary of Funds Requested for This Outreach Grant: 


U Travel (mileage, etc.) S225 | | 5. SO 


2. Honorarium S250 | j 6. SO 


3- Hotels S 150 j '~| 7. S0“ 

4 - Meals S75 | | Total S700 

Current air fares were obtained on the day this proposal was submitted. They do require an advance 
purchase of tickets to obtain these coach prices. Schedules are not firmly set at the present time, so hotel 
_and meal costs are estimated for the longest possible Deriod. 
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Appendix E 
JOVE Final Report 

1995-6 

Outreach 


nald C. Wold 


4/22/96 


U-A-L-R 

Department of Chemistry 


July 20, 1994 


Dr. Don Weld 
Department, of Physics 

University of Arkansas at Little Rock 
2301 South University 
Little Rock, AR 72204 

Dear Dr. Weld: 

We thank you very much for sharing your knowledge of and 
interest in NASA with the participants of the 1994 UALR Summer 
Chemistry Institute. Many times high school students dream of 
being astronauts and traveling in space but they do net believe 
that they could really ever succeed in realizing that dream. Your 
presentation allowed them to see what opportunities a space science 
career would offer and what educational requirements are needed to 
achieve that goal. We hope that you will continue to address the 
students in all future SCI programs and well as the JR-TEAMS 
program. Thank you again for your interest and time. 


S incerelv , 

Maricin Douglas 
SCI Co-Director 



University of Arkansas at Little Rock ♦ 2801 South University « Little Rock, ar 72204-1099 « (501) 569-3152 




Arkansas School for Mathemaug & Sciences 

200 Whittington Avenue • Hot Springs, Arkansas 71901 
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If the above date(s) is i n c c n v e n i e n t , please leu ~e 
know as soon as possible. Students will be 
instructed to bring money for their lunch. Thank ycu 
again for your cooperation and support in cur 
shadowing project. We hope this will be a rewarding 
experience for both you and our students. 

Sincerely, 



Melanie Nichols 

ASMS Shadowing Project Director 
ASMS Director of Mathematics 

" mclan CLs/vsl . Jeiz.ar.us 

"Excellence in Education'' 


Phone: 501-622-5100 / Fax: 501-622-5109 / email davidtrSaamsl.ldZ-inus 





Prjicpci 
Zz 3cry‘Scpp 

of Ssjoo is 
jarsctva JC Kssc 


The staff, faculty, parents and students of .Arkansas School for Mathematics and Sciences 
wish to take this opportunity to thank you for your support and participation in our recent 
third annual "Careers: Onward and Upward" shadowing project. 
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As a part of this school-wide interdisciplinary project sponsored by the ASMS 
mathematics and humanities departments, ail junior and many senior ASMS students were 
given the rich opportunity of shadowing a professional in the profession of their choice. 
You and other professionals offered their time and expertise to our students in a most 
positive wav. Students shadowed at Lake Hamilton Anim al Hospital. St. Joseph Regional 
Health Center. National Park Medical Center, law arms: Crawford. Hurst. Williams, and 
Vaccaro. Sentinel Record Newspaper. Team Rehabilitation Center, Tavlor/Kempkes 
Architects. Walgreen Drug, Weyerhaeuser, Nichols Family Dentistry, Garland County 
Industrial Development. Hot Springs Rehabilitation Center, First Step School. Hot Sorines 
Radiology Service. Second Baptist Church. Westshores Medical Clinic, Hot Springs 
Aquarium. Hi-Tech Engineering. AR Game and Fish Commission, Physical Therapy 
Services. Lake Ouachita Field Office, and U.S. V anadi um Also parrinp arin g were 
professionals from Maybelline. U.AMS, AR Children's Hospital, .AR Livestock and 
Poultry Commission. SWAB, National Center for Toxicological Research, AR State Crime 
Lab. .AR .Archeological Survey, KATV Channel 7, CH2M Hill, Orbit Valve, US Dept, of 
the .Air Force. BCBS, Veteran's Hospital, KATV TV 4, AR Repertory Theater. UALR, LR 
Zoo. Central Flying Service. Falcon Jet, Zenecca. University Medical Center, Charter 
Hospital. US Cooperative Extension Service, Blass Architects. KFT-1 10. Entergy 
Corporation. Cromwell Architects/Engineering, FTN Associates, Excel School of 
Modeling, ALCOA, Acxiom, US Department of Justice, AR State University and AR 
Department of Education. In addition to the shadowing, many professionals sat on panels 
to discuss their profession in student-question directed sessions. 

With sincere thanks the ASMS shadowing committee salute you for your dedication to 
education in Arkansas and support of Arkansas School for Mathematics and Sciences. 

This project would not be a success without your giving of your time and self. You have 
touched the lives of our students and have given direction to their futures. Thank you 
again. 

Sincerely, 

/ 

Melanie Nichols 

ASMS Director of Mathematics and Shadowing Project Committee Chair 
"Excellence in Education" 


Phene: 501-622-5 ICO / Fax: 501-622-5109 / email davidi@asmal. kl2jr.ua 



